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FOREWORD 


LTHOUGH, from the most remote times, the 
acts of dutast oentation end che recognition 
fof places have struck all observers, the salution 
of the problem set by there facts has oocupred 
naturalists for searcely haifa omatury, and st is barely 
in the course of the last twenty-five years that 
systematic expermentation bas arsen 
‘The investigations undertaken have lad as thar 
subject above all the Invertebrates, snore eapecally 
the insects On the Vertebrates we possess chance 
‘observations rather than ngurons and wellregulated 
‘experiments It cannot then be said that the problem 
4s completely solved. The data aoquured nevertheless 
furnish important indications which perm the aetch- 
{ng of the outlines of the pheccmenon, while brngmg 
‘wut alse the gaps in our icowiedge. Furthermore, 
the methods used to obtaiz positive data andicate 
‘the lises to follow in order to arnive st more mumerous 
and more complete results 
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CHAPTER I 
‘Tae PRONCEM AND THE XCETHOD 


[LET a Set of at ante the prodtem 
4 A bee comes out af the hive, it ies away, and 
than at oce distance, often at a grent distance, 
ahghts ou a cluster of flowers and forages Tt goes 
from one flower to another, and works about x0 dsvety 
Airsctons, desenbing many tums and meandering, 
wathout aay fixed order; at the end of » certun tue, 
it fies off, and almost yamethatsy takes the ctecten 
of the have, which ot regains by the shortest roate, 
‘An unt proceeds im an analogous way It leaves 
its nest, alone, as of rt were walluog at random; it 
follows & winding courye unt at encomnters some 
Dooty or other, Tt then halts and returns, without 
marked hesitation, a the dtection of the nest 

The birds also do the same. They come and go 
away from the nest, dy aboot a litle in all directions, 
but return constantly to ther post of departure 
dy the most direct way. Beiter stil, the camer 
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pigeon, shut up in 2 cage, and transported to 2 point 
very far from the cote without pescering anything 
of the route, ia sud to be capable of reyaming the 
point of departure 

‘Numerous animals woukl appess to perform nmilar 
feats, 

How do they discover or re-iscover their way? 
‘What meckanisms enter into play? 

‘Two hypotheses have been proposed. 

‘The one resolver the problem 12 the simplest way. 
Wt soppovea the animal endowed with an internal 
supra-vensory faculty whuch would rendec it capable 
of a vesitable divination, 

The other calls the seoses of tne ammal. Either 
the latter rales axe of oe or several of the organt 
of the common senses, its sensory memery—visual, 
olfactory, tact, auditory or mrascular—entenng 
awto play: or it utiles a special sensbabty per- 
ritting to percerve elements of the eavironment 
ampetoeptible to moan, such as electric oF magnetic 
‘waves. The question is how ta decide between these 
‘two hypotbeses 

‘The hypothens of am anner sense, as well ax that 
of a speci) seasixity, escapes all direct revearch 
On the other aad, the ordisery senses, weD known 
‘to san, are nmmedately available, The most simple 
sand sue procedure it, then, to orghnice oar research 
‘on the exmmpison that these senses play « part. 
‘When the analysis terminated with regard to thea, 
wwe shall see whether they furuul the wolitlon of 
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‘the peoblem, or whether our savestigations mast be 
turned in another direction By elsmination we shall 
perhaps arrive at 2 satsfactory conclusion. 

‘Tina understood, the inqumy renters the domain 
of the buologst; at belongs appropriately and almost 
exclusively there. Indeed, ths study sbould remain 
Above oll stnetly objecres, on the mame way ts the 
study of form or of functice. If, in order to under 
stand the facts observed, we fall back on our own 
experience, and compare the behaviour of the animal 
with that which we shoald have displayed on similar 
‘arcamstances, we attrbute imphaitly to it our own 
tensations and perceptions Our analysis does not 
ref to sts subyeet, and our conclusions therefore lose 
all value. 

To uveld thas danger, which renders all effort at 
olution ineffectual, st is smportent to matntain the 
retouch righlly detached from ourselves We know 
the sensory eod-organs of animals, as well an the 
‘various elements of the enviroment playing the 
rile of stil. We are equally cogzirant, thanks 
to its translation into motor terme, of the sticoulation 
renitiog from the isteraction of these end-orguns 
and the components of the environment. 

Can we go further? Strnalatioa does not necessarily 
{imply presentation; it has often for effect a pure 
reflex ooly. The movement of the ina under the 
action of ght, for inatanee, is not vision, Ta addition, 
it is well Knows that Is can every presentation 
corresponds to 6 sect of apprehension of the stimulas 
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na secsation~and that the process is terminated 
by 2 co-ardination and elaboration of the sensations, 
‘which is perception. Does observation of the animal 
lead us to duscover sumilarty in its case presentation, 
sensation, aod perception ? 

‘The question merits cor attention. On the answer 
‘we give ta it will largely depend alto the salation of 
the problem we have under examunstion 

‘Now, if we adopt for an instant the strictly paycho- 
Jogucal paint of view, do we not, as soon as we go 
‘beyond atimulation, leave behind the realm of biology ? 

Is not presentation a fact of comcsoumen, and 
doen not the mquiry then demand more than—or 
ther than—stnetly abjective olmervation ? Such « 
‘qyestion has long ssoce been rind, Pitron 
attributes very ogbtly to Hualey* the merit of 
having deen the first to explain clearly that the 
obvecvation of the movements of animels in no way 
sequites a knowledge of states of consciousnem. With 
ont denying them, we do not take them ito account : 
‘we do not asmume thear existence. Whatever the 
‘appearances may be, they do mot euthoriae us to 
formulate an hypothesis which wosld ran the nak of 
‘modifying or of transforming the facts, and of faluying 
the conclusions 

‘When it is a question of orientation and of re 
cognition of places, this bislogical attitude 2s imposed 
very specially. Often, indeed, end sometimes very 
aariedly, the animals give the impression of eflecting 
Geliberate displacements, and of pursuing a wol- 
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éefined aim. We have, nzverthelem, no means of 
knowing whether this imprestian corresponds to any 
realty. And we shall avoid committing even a alight 
crrot by not assuming thet there intervenes an in 
tention, or = deliberation —a atate of consciousmess— 
of which we low acthing, In remaining objective, 
‘the expermental analyms will perhaps er on the 
ide of deficiency, Dut it wit always be easier to Atl 
1 gap than to rectify a fact distorted by the addition 
of bmaginary date. tn any case, the observed facts 
‘will sufice for the reconstruction of » mechanism, 


To adhering to this mle, ome dificulty will un- 
dnbtedly a experienced, and all the more because 
the tanguage immediately suggesting itvelf to us 
ssoppones preciely states of consciouscess. “walling ", 
“ seckang”, “ percerving ", “ domg thus + anter to 
emo at that ", etc, are to roeny famihar locations 
‘which we employ in detenbing our own behaviour, 
and which we do not hesitate to use when we describe 
‘the behaviour of animals. Doubtless the biologist 
ceploylng tham ksows well enough what he means 
‘But, whatever one might do, the word:—the ebove 
expecally—convey certain notions ; and it i these 
‘hat the reader or hearer will understand behind thee 
words, in spite of all precantions It » ao simple to 
subutitute the conjosction “nd “ for the prepostional 
phrase “in order to", end to daseribe the movements 
of un aial without saying that ot i“ woking”, 
“wilhng", of perceiving”. It w suficient not 
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‘to insert one's own expeticnoes into the descriptions ; 
‘ot fo add to the observed (acts one's own sensations 
and perceptions It remauns true thet he who wishes 
to do scientific work should avoid introduang into 
his research notions of whuch be cannot have direct 
experience, of which even the exstence remains 
actually an unversfable hypothesis, 

‘To proceed this s not, some maintain, to diminish 
the value and sugnidicance of expenmental analysis, 
Te as, on the contrary, to give to it its whole power 
fof penetration ; i & to assure exact and complete 
resulta, Tt ahowld be by elimmation, and in a0 far 
as analysis fads, that we shoold bave the provislonal 
right to fill a gap in oar knowledge by an frypothens, 





CHAPTER II 
onIENTATION ANOWO FLYING MNSEOTE 


[AVING thas established agreement as to the 
éomity for the cbjective method in the study 
‘of orientation, let us approach the study itself. 

It is among the Invertebrates, notably among the 
limetts, that the acquired facts are most aumerous 
and ugmfcant. In many respecte theye orgasms 
ace more easly bandied, and lend thenvelves with 
felative facthty to vaned expenments It in, however, 
neceamry to digtogush arene them thove which 
move from place to place by cans of flying, otd 
‘hove which do xo by walking. 

By very reason of the mode of progrewan, the 
‘problem presents itself dufierently. The arumal whuck 
fie, catunaly wees only some of sts sease-organt: 
the aounal which walks may, on the contrary, than 
them all, or even not use at all those which seem 
andispearable to fying emmals 

Lot us examine the Inter frst, 


‘With regard to them, a summary analysis 2 
neossmary preliminary. 
‘Current observation reveals that every bee that 
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ceases foraging regains the hive at ance by fellawang 
fa straight line, the “bee-ine” Thus fact has been 
Iwown for a very long time, and tunters of honey- 
comb make use af st to track dows wild bwves. They 
capture a fit bee, give st & litte honey, and then 
tet tt ttn, The direction takea by the anaeet Deng 
exactly noted, the hunters capture, a short dutance 
away, a second bee, and proceed with it in the same 
manner. If the two bees belong to the same hive, 
they follow two pathe which intersect at a certain 
pomt, This pout cotesponds to the site of the 
hive 
I the ame way, bots captared it the vicinity of 
‘the hive, then transpertad and released at « point 
quite distant (¢ kllometres, for example), tet off 
‘immediately, taking the direction of the hive Gaston 
‘Bonmuer* has eatabliahed the fact beyond doubt. 

‘These welhinown facts furnish all the deta of the 
problem, The retum to the nest comprises three 
stagen, which succeed one azother without interuption, 
The departure io correct direction has in fect no 
rch) renlt unlew the insect recgnizes the ate 
of the sas, and then the nest ite This contitutes 
Ghuee operations, which appear a pron dutinct, 
and whick rust of strict necectlty be examiued 
eparntely: (@) Geparture 1m correct diction as 
far as the immediate vicinity of the nest: (2) re 
cogeition of the ste, (2) mengnition of tbe nest. 
‘Do these three operations correspond ar not Every 
oon to special method of guidance? The afirmative 
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seems very probable, at feast a3 far as the beet are 
concerned, A summary exazmation perils, 
indeed, to think that the Sret does not necesarily 
imply the two succeeding stages, and that the second. 
‘does not any the more unply the third. The departure 
im correct direchon 1 ot to be confounded with 
‘the recognition of the atte of the live, for St moat 
coften happens that the bee, at the moment 1t ceases 
foraging, 1s unable to se the hive, it cannot even 
see the wie. Sometimes the bee goes foraging several 
Wlometres afield ; amall cases, st goes far ecough off 
to be seperated fiom ats have by screens of trees 
sceidents of the land, or bualdvgs. 

In adéituo, proofs abound whch oblige us to 
admit that the site of the bive i not for the bee 
confounded wit that hive By duplacing a hive to 
a dutance of 1 or © metres, Turper* threw some 
bees off the track, and these few about for a long 
time over the focmer site wathout re-findiog the bive, 
Rethe* obtamed the saine results with even shgbter 
Hdsplacement (so em). The ansects came Sying to 
the spot formerly occupied by the entrance, and 
the number of those Ssdmg the hive dimmushed 
with the extent of the duplacement. As soon as 
the hive was brought nearer, they rushed on to tt; 
they even entered any box pot m place of the 
hive, 

‘But they did sot enter «tat once ; they manifested 
a certain hesitanan. And this besitabon indicates 
‘learly that, although the bees retumed to the ate, 


ro HOW ANIMALS FIND THEIR WAY ABOUT 


they did not accept forthwith the bive which happened 
tobe there. 

“These facts axe not confined to the bee. Many 
other nast-building Hymenoptera behave in alt 
analogons way. ‘To cite only the mast recent stances, 
Descy*, io Vespa ondgans and Orme ruje, and 
Verleine?, nV. owlgers, have observed sumlar 
aunifedtations for sbght displacements of the nest 
(reat). I foe my part? have ten Poles 
(tslucus pemist 19 remaming on the former site 
of anest, newly placed at a distance of barely 25 
centimetres. The attraction exercised by thin former 
fe was even such that the wasps sometimes passed 
ight by the dupleced nest mthout bem. arrested 
by it, at Teast at the outset 

1 is then, not the mest a such which serves ax 
4& Iasdimarie, The animal fies an the direction of 
1 ite which it does not sormally percerve. In on 
sequence, this movement im a general direction 
constitutes a frst stage an the return to the est 
sand this stage coincides with the actual problem of 
‘onantaticn. 











A.—Mocemant om general deriction 


Here the question arises—tave we to do with 
semory eet, oF does the nical poset an Samer 
tease of erection which guides st independently of 
ail otber mana? 

‘This latter ypothens bas been maintained by 
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Fabre, and by Bethe; Dut theie expersments 
any no element of proof 

Fabre used first of all some soktary beet of the 
genus Chaheadome. Seven andindaale were tant 
ported 4 Solometses away; four retuned Fabre 
danumes that the Wore others were crippled specimens, 
damaged by the experimenter, or exhausted by the 
yourney 

fa. fcah tral, forty indwidsals were transported 
4 dolomotres away, about twenty set ovt, to re 
‘tured in forty-five mmutes, bevang forage thnrteen 
others retumed after masy hours 

‘The lack of precuzon in these results surpnsey at 
ance, 10 much does Ht contrast with the categorical 
tone of the conelasoet Fabre knew nothing of the 
fndivuduals wack faded to'retura; he did not ove 
know the exact number of those setting out; the 
length of time taken by the méividuals wach dd 
return teams to him without smpoctance 

Two further senen of thala falleg to farnah more 
angniicant results Fabre transported to  dutance 
2 certain namber of Chafcadoma enclosed in boxes; 
Deloce reusing thes, he subjected the boxes 10 
rapid rotatory movements, with the object of can- 
fusing the mouectt The observations effected permit 
of draynag up the folowieg table: 
(0) Sem coatyotsaern spect. 

odor wre acaertadg ioces, tetera 


2 got 
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(Sees La oben cory 
‘smdvedala wars tranperted 4 hdomsins 9 rete 
son nee ees 2 


Bo ew rads cote, 





‘The duproportion between the individuals sub- 
ected to the experiments and the number of returns 
strikes one at once; st should inspire the greatest 
caution with regard to the conelunoca Furthermore, 
fn no case did Fabre perform the vecessary comnter- 
expenment, which would consist un taking the insects, 
and lenchng thers back to the sazve pent of departure, 
in otder to ascertain bow many of them wonld re 
tor, and in what time they would do 80 Satisfied 
with the results obtained, Fabre admits the enut- 
‘ence of a“ sense of direction " 

Such mediocre experiments are not suffcrent to 
twstain toch an mterpretatian Te adéiton, analogous 
experiments made by the same suthor on Cercens 
terve only to emphasize the extreme opposition 
‘which emats between the results obtained and the 
conclusions. establishing the return of four Ceres, 
out of twelve transported to a distance of 4 kilo- 
metres, Fabre asswnes that the otbers would ratum, 
and maintains a prudect reserve as to the reality of 
this return, ‘Then he takes this expermment as a 
bans for rejecting afresh the hypothesis that the 
Insect utbises extenor cues, and insists ot the exst- 
ence of a" sense of direction”, 

‘Bethe, relying on expenments equally untrust- 


ORIENTATION AMONG FLYING INSECTS. 13 
worthy, though for other reasons, arrives st the 
same conclusion. He released in the town at 
Strasburg, in a street lined with high houses, and 
{im the neighbourhood of his garden, two batches of 
bees, one of aux indrviduais, the other of eight. Of 
‘he first batch : 


Four bees set out m comect direction ; 
‘One bee set cut i the wrong dietian ; 
ne bee set out im donbtful direction. 


OF the second batch, all the bees started in correct 
Alrection, eves before reaching the lee! of the houte- 
tops 

‘The fundamental fault in these experiments re- 
‘des in the hypotheas, assumed ax a fact, that the 
‘bees utilized did not sow the town, Bethe asruiset 
this without proof Now, everything leads us to 
honk the eantrary On ane hand, the hive wes quite 
adjacent to the place of releuse ; on the other hand, 
Strasbnrg contatss pubbc and private gardens, 
fund pomesses shops selling sogar or similar sub- 
stances, which camot fail to atteact bees. How 
conld it be afirmed that the indindvals used by 
Bethe bad never traversed the streets and gurdene, 
oc visited the shops? The resuits obtained are not 
‘worthy to be taken into cansidecaticn. 

‘An experiment of Sir John Lubbock u the 
only one which could give any support to the idea 
of a “sense of direction”. Lubbock plated a glass- 
fal of boney am = room Sighted on two sides by 


14 HOW ANIMALS FIND THEIR WAY ABOUT 


windows; a nest of Vespa syiesbis* was stosted 
cutude in the direction af one of these seindows, 
camstantly closed Through the other wiodow, 
‘which remained open, a wasp entered the root, 
tame to the honey, on which it remained for three 
‘minutes, and then few off sn the direeton ofits nest, 
towards the dosed wmdow. It cycled round the 
room without eacceeding in making an exit Carried 
‘otside ly Lubbock Mmelf, it retumed shortly 
afterwards, and departing again in the diection of 
sts nest, knocked once mare against the elosed window. 
‘Five times in succession it bebaved in the same 
‘manner, Lubbock would not seem far wrong 12 
unking that “the wasps bave & sense of directian, 
and do not simply ind thor way by means of tight 

“This conclesoa does not neeaasarily emerge trom the 
facts, The author neglects to gve us various im- 
portant andications ax to the arrangernent of the 
experment. Notably he neglects to ay whether the 
closed window was tot more lyghted than the open 
cme. The“ pernistezca’” of the snaect 1a coming 
to knock against an mermcuntzble obstacle would 
seeza dar rather to tome infizence of hit erder then 
to a speci inner impulnon Moreover, the fact 
‘hat the wasp Soally Heraed the way back contra- 
dicts abpolutely the conchesions of Lubbock. Does 
the “tense of direction” consst in taking & barred 
sente, or in reindmg precely the way which leads 
tothe nest? 

> Labbe pv henge at gems Pe 
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To sum op, the experimmts fom which the 
authors slam to draw the proof of the existence of 
© special sense, independent of cues furnished by 
the known senses, ere hardly vad, and we are uoable 
‘to retain them. 

Quite on the contrary, rigoronsly conducted ox: 
‘periments point to a very difereat conclusion, 

‘At the outset, a very general cbservation presents 
itaelf, Bees and wasge, at the moment of leaving 
their neste far the frst ime, rise fato the sar Hing 
backwards, and move off slowly with their eyes 
turned towards the nest ; they proceed in the mame 
fathion when the nest has been moved Whatever 
may be the factor determning this bebaviour, and 
whatever its true utibty, it 1 quite evident that 
‘the ansect bas before st the amage of the nest and 
‘ts surroundings; the greatest probability isn 
favour of this umage being registered We have bert 
a preliminary assamption that the insect fines sensory 
mages 

The insect next turoe round and fies afield Tt 
comes and goes back snd forth, hunting and foraging, 
and one ia unable to put ande the further assumption 
tat, all the time that st a6 on the sang, at as form 
ing & visual acquasstance with the external world, 
that it ix registering aditional sensory xmages, 

“This mgstration, let us note wel, does not tn any 
sway imply the intervention af states of conscious: 
‘nese, We have proof af this from our own expenence : 
and this is exactly one of the rare eircomstances in 
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‘which oor intraspection can ald ws the analysis of 
the proces, We ate constrained to recognize, in 
fflect, that we often eee wathout Jooking, that we 
‘egister images of objects to which we give a0 con- 
‘tous attention. To suppose the anumal endowed 
with @ capacity which is exercised with precision 
independently of conscious states is not, then, to 
formulate a gratuitous bypotbesis, nor to attribute 
tort speafeally human quakibes, 

‘The facts, moreover, agree an showing the roukity 
fof the “vimal cues which the smtlal observations 
nuble us to predicate. 

‘The experiments of vou Battel-Reepen furnish a 
firnt indication He traneposted a hive 7 klometres 
from its orignal ste, and ten captured several 
bees before they had been able to emerge and cir- 
culate m the new region He Bberated these bees 
1 groupe at dutunces from the hive varying between 
40 and 80 metres Whenaver an ebstacle—trec, home, 
( thucket—was found to be anterposed between the 
point of liberation and the hive, the bees were m- 
capable of finding the way On the other hand, 
all the bees which bad been able to emerge from the 
hve reguimed it when rlcesed under solar condi- 
tions, The latter, ct must necessary be admutted, 
Ihad acquared knowledge of places of which the former 
remained in ignorance. 

tu, moreover, unnecessary to move the hive in 
‘otder to perform simlar experiments, it as sufficient 
to ublize, os von ButtslReepen ska dd, young 
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bees which have never bees outade the hive Released 
even a short distance from the latter, not ane 7e- 
‘tums, The experiment can be varied by releasing 
‘es not far fats the fave at twolight; they deride 
severa! eles in the aur, and soon drop, defimtly 
leat. 

Several yearn before, Romance" had made an 
analogous experiment Placing @ uve about 300 
metres from the const, 19 a Budding touted an the 
waldst of very large gardens, he allowed the boca 
time fone day) to explore the immediate vicinity 
‘He then shut the hive, and captured a certain number 
of individuals, which he divided anto two lots He 
released one of these 230 metres away, on the sea- 
shore outside the gardens, and the other at the 
actual extremity of the gardens Of the first lot, 
foo individual eetureed ; of the second, all retumed 
rapidly. 

Tn the same way, Yung™ transported to 0 
distance of 3 kilometres on the Lake of Geneva, « 
batch of bees taken from «hive situated on the 
share of the tke. These bees did not retum. On 
the other hand, a second batch, belonging to the 
same hive, was transported 6 lalometres lund, 
all the bees returned. 

“These facts seem highly sguficant Not only 
ses none of thex suggest the ides of a special sense, 
bout all lcd to the conception of vusual exes The 
been ander 28 soon us they arereieated ia an unicowets 
re¢icn. 
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Experiments with wasps give concordant results. 
Gathering the entre popelation (23 individual) 
of a mest of Vespa ayhesine™ respended sn a belle 
sarhaving a tubular (ig 1), [released them se metres 


Fre bona of ina capes onder 6 baler 
wibetnaure "7 a 


from the nest, in a locality where they were apparent- 
Jy im the habit of cwreutating (fig 2 4) The firot 
‘had retumed at the ead of two mintes, 19 bad 
returned im succesuon at the end of an hour and 
forty-five mutes, two only were defiutely lost 
‘Three houts afterwards, the 23 waspt were trans- 
‘ported 200 metres from the nest anto a totally 
different locahty, a house mterpoting itself between 
‘the nest and the place of relesse (fg 2, 8) The 
first retum did oot occar until eleven minutes and 
forty seconds had elapsed, the fifth after sixteen 
mimes; the thirteenth after two hours forty-five 
woimtes; tr individuals were definitely lost. 
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‘The thirteen waspe which retuned were catmed 
back the next momng to the 

tame spot. All returned, the = «4 

firut in seven minutes, carry- 

ing booty ; the fifth in twelve 

mmumutes; the sixth in ther- 

toon antes with booty; 

the thirteenth fa one our 

forty-five movies P 
‘These three series Of tts rng g_pynctane af 
are conclusive. They show ost T piraie 
lewly thet the return to 

the nest coincides for the 
wasps with the Knowledge 3.09 pe fun 
of places, and this implies 

an apprenticestp, Tn a kzown Jeality, the retum 
1s immediate and the number falmg extremely 
low, im an unknown locality the retarm 13 
lengthy, and the fulures conderable Tbe in- 
dwiduals which have finally found their way make 
the journey moore quicy a second time, and there 
‘are no failures. 


‘Tus knowledge of places is, and in the case of the 

departure of fying insects im the right direction, 
can be dur only to the regstraton of vitual 
cuen, What are these cuss and whst is their 
ature? 
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Other experiments furnish on this point definite 

data for « sabslactory approxmate explanation. 
Ferton observed a acltary bee, Osmus rufoherta, 

which nests in the shells of a soail (Helix prsena). 


B 





Fro 4—Suocmaere yale of Orme eutes A,B, 6, Dy 
eee OR re 0 a 
‘The nest was at A (Bg. 3), while the bee, forging 
at Af on a plant tuff, travelled constantly over the 
path MA. At a given moment the Osma trans 
[ported the shell to B, 12 centimetres from the original 
‘utuation. Continuing to forage at M, It did not 
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return directly from M towards B, but mads ax 
angle in the dection of A. The observer then carried 
the shell to C, x2 cxntumetres from B. The Osmia, 
returning from M, beat round for a certain tune 
and at Fength found the shell. It returned to forage 
at M, and on ats way back took without abghtmg, 
Dut im marlomg a pame at the level of 4 and B, the 
course MABC. Next, of sts own accotd, the Orme 
replaced its nest at 4; then from the tuft Mt set 
out in the direction of A; without having reached 
this, it made, at the pomt «, a curve towards Bj 
arrived at the pomt >, it descnbed « new curve 
tnd amved at C, wheoce it set off towards 
4, The bee thus traversed, without alighting, 
the traject MadCA. At last Peston cared the 
shell to D; the Gsm then followed the hoe 
MACD, but soon rected the route and took the 
line MCD. 

The seme worker performed an entirely anter- 
ehungeablo experiment with another Ora, 0 
foragea The results cbiauce’ ted bam to condlade 
that the mmect reguters certain visual images—the 
Jocal topography of the paints A, B,C, D 

‘These facts, nevertheless, might authanse equally 
‘well another conciunoa, Takiog xato account the 
fact that the Goma passes esch time by the pomts 
where the mest origmally was, Piémoa* enunciates 
the hypotbesis of a muscwlar memory Ganesthens), 
He considers that the imect would regster, not 
‘vival mages, but a exrtain fort brought about im 
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a certain way. To this interpretation Ferton™ 
firotly opposes the argument that the ber does not 
always fellow exactly the same path, but dewlens 
ats curve more ox lem, 2 fact which exacts a diferent 
fiort at every journey ; aed secondly, he axpports 
‘this argument by a fresh experiment. A nest (ahell 
ol Holes cermiculas) of Gomis refoherta was situated 
(fe, 4) 9 « srall bare space, a ttle in front of some 
tnfts of gram MN; the bee wos foraging at D, 3 
metres away ; some plants of Custs, U,V, X, ¥, Z, 
lined the way between D and AEN. Ferton moved 
the abel to B, 30 centimetres away ; after some 
turns und wanderings the bee reducovered it, and 
‘from this momect traversed the course DM-NB. 
It thus behaved as did the precoding wnsect. The 
‘question ‘8, preanely, to imow whether the form 
of the courte purvued depends on cxoscular memory 
o€ og visual cues, If these latter ett, they were 
Pevbapo taken from the tufts of grass M and N; 
Fertoo cut them off and pulled up also the neighboor- 
{ng gous. From this time, the Osme flew towards 
the alte ON as long as it fom itzet between the 
tufts of Cust; ummediately afterwards, it turned 
straight towards B. It was then, in the absence of 
Af and N, at once attracted by B. Its indeed & 
‘question of visual eves, consisting of various features 
of the landacape in the midet af which the bee is 
fying, The conclusion is important, but it only 
‘tmches part of the question. 

‘These vate expenments permit us to estimate 
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‘the way in which the fying Hymenoptera make 
‘ie of viaual exes. Is sam, these eves are Unked 
together on the return in the invene order from 
‘that im which they were cocsected on the outward 





joumey. Every oon suggests the next following. 
Repetitions of the same joumey always result in 
simplification; certain com are meglected, thea 
mitted, and a new order is established. Thus emerges 
clearly from Fecton's fret experiment. It follows 
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iso from the second, since this shows that the 
suppression of an intermediate cue, far from putting 
the mucct off the track, leads it simply to astociate 
‘two images not originally conseeutive—it “ tautens" 
snd straightens ts course. 

‘An cbvervation by Descy* permits ns to isolate 
the process. Am Cmais (0. rufa) has fost fied 
neat (4), and commences anotizer (B) a metre away. 
[forages om a neighbouring taft. Gomg from the 
tnft to B, st pases by A. At the begmsung it reste 
on the fished mest; bat, in the course of successive 
journeys, the halt becomes more and more brief, 
‘unt finally the Gowa no longer stops. 

‘Thos is constructed the “ bee line "—the coune 





order. All takes place then as if, a oan of departore 
Deing’ gives, the bee or wasp roguteed « caten 
lort, asd set off without ung a while series of 
viral cues, the route for ther is 20 loager marked 
cout except at fang interval. 

Tn certain eceumstances, however, and for short 
journeys, muscular memory seems to be installed 
almast at the outset, and to play an exclasve rile 
as the means of retro. Whes various Aremophle 
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dig the burrow, they remove the débris with their 
mandibles and carry it by fiying to a distance of $0 
ox 60 centimetres, coming and going 2 great number 
of times The observations I bave made on Ammnepihite 
Aaydesi have wamediately mogpeted to me this 
interpretation. The wasp moves off in «straight line, 
eposits its buries, turms rousd and retorts in a 
straight Ene Every time at goes from the burrow 
fan approximately equal distance There cousts 
rotlong, to left or to right, which could serve as a. 
sue, and other cxrcumatances, to which we shall have 
to return, alow us to afirm that neither does the 
sight of the nest act at all an this way  Descy 

id Verlamse* have meade analogous observations, 
and arive at similar concaaions For hin part, 
‘arton finds that, at the begianing, the Avwmebhla 
does not alight exactly on the burrow: precision 
1s extabluhed in the course of the surcessrve returas, 
And is lessened by a contrary wind This lest indice- 
toon supports clearly the xden of a ionmsthetic 
memory substituting self for visual cues. in in- 
creasing the effort to accomplish the distance, the 
resistance of the wood shortens the journey ected 
by the Ammmophle 





B—Recognatoon of the mest site 

‘Toss guided by the kinesthetic cues which are 
substituted, in part at Ieast, for the visnal ones, the 
fying Hyrmenopteron arrives at the site of the nest, 
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‘Does the secmgnition of this site coincide with the 
finishing of the joamey? Is muscular memory 
ficient ; or does this recognition demand the 
constant use of visual cues? 

‘We have already indicated in a general way that 
the insect finds the site io the absence of the nest 
‘uel, Thus stated this fact would Jead us to think 
that the Hymenopteron associates the topogtaphic 
fotition of the nest with the end of a muscular effort, 
Certain more precise observations therefore becote 
Jndigpensible, in order to sbow that the site of 
the nett 1 fa reality amociated with secsory cute, 
‘and that it is perhaps not its one of these cues. 
‘As x matter of fact, the eve whlch guides the insect 
is not always the cae which moet attracts the ob- 
server's attention. When the latter perceives an 
sbyect near the nest, or is struck by a certain dis- 
‘Position ofthe surroudingn, he is tempted to atribute 
‘to that abject or that dispontion a greet imapoctance, 
‘whilet the insect may appear hardly affected by the 
(one or the ether Such is the case of the Bembes 
rostrata observed by Bouvier. Ten centimetres 
‘away from the orifice (4) of the nest of this Bembes 
‘was 4 stone (P), which seemed a characterstic 
feature of the surrsundings (fg. 5). Nevertheless, 
‘the transport af this stone, either to A or to a potion 
5m sytmmetzical relation to 4, ¢4 not oceanon any 
perturbation oc the part of the insect. On the 
contrary, tiem the slow wax replaced in its onginat 
‘obtion, and all the space around the next sanded, 
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the Bomber wandered for forty-five minstes or more 
without discovering the entrance. The stone there- 
fore did not act as a cut: tht resided doubtless 
an torne local disposition not recognized by the 
‘obnerver, but which the inasct repptered exactly. 

Tn the some way, another observer demonstrates 
hat it micas to mow dows the gram around the 
openings of neste of Bowdus i order to dasonent the 
insects. In. proceeding thus, however, one does not 
mow exactly whet ane is doing: for as Verlune* 
remarks, modufcation of the site of the nest prom 
‘duces no clearly appreciable effect on Bombs 
Japudarsas and B. borers, 

in many cases, however, the experimenter discerns 
thete eves, and enn atture Inmeelf that they are un 
emutly of a vasuat otder. Marchand ™, for example, 
‘observed the opening of x nest of Bembex situnted 
$0 centimetres an front of a tuft of Vaneeossewm 
effiemais, he cut off the tuft and placed it 60 cent 
tietres to the rear. ‘The Beer retaraing to the nest 
was disoriented; oo the other hand, it went strayght 
‘to the nest when the tuft was replaced at its babitnal 
distance, Everything took place as if the tit of 
Vexcolossoum were the extenor sign ofthe fest. 

Ferton ™ simlarly observed a Ewnencs fomformes 
provasionng xis nest, which was constrocted on the 
branch of a broom plant He ext off one branch to 
the right of the nest and another to the left. This 
‘modification liad the simmediate elect of completely 
‘Sisorienting the Hymenoptermn. 
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In certain circumstances, the modification effected 
‘weems at once more msignifcant and more precise 
im its effect, Thus, an Ooms rufa, studied by Descy 
had built its nest fa the angle of a wall one centi- 
‘metre away from ap iron spike, Sxed ta the wall, and 
‘Projectmg from xt about ten centimetres As long 
8 things cemaned undisturbed, the Ounie came and 
‘went regularly. In the absence of the Osmsa the iron 





se 4—hmeent os Boner rua ahr Dove) 
spike was taken away; when the bee retumed it 
wandered about, few past the extrance of the nest, 
and deppenred. Then the spike was replaced ; the 
Soma, whic had not ceaed wandermg round, returned 
at once. During a ftesh absence, the spice was tea 
cout and fixed 2 tile lower: us sumple duplace- 
ment equally confused the insect. 


‘ORIENTATION AMONG FLYING INSECTS 29 
Thad previously made an analogous experiment, 
‘An Ammopia heydew was chgging its burcow 
fon the foor of a famly deep excavation, made 20 a 
sustainmg wall to allow the draimng off of mater 
(ig 6) At intervals the msect ceased excavating 
and flew off, receding from the wall, folowing a line 





at right angies, and carrying sn ats mandibles some 
Particles of earth It éeposted sts load $0 or 60 
centimetres from the wall, and then retuned in a 
straght Ime towards ss burow. Always miler, 
‘this movement seemed sterectyped, and I have 
indicated above thet the msect was obeying in all 
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probebiity its musculas memary, But this is valid 
only for the joumey Jeadog streght towards the 
wall. Here i the proot. During one of these short 
baenees I tore up same tts of Sedwm which were 
(owing near by, and placed them within the border 
of the hale, on the edge, but not projecting beyond 
the surface of the wall. On returmog, the Ammopla 
hesitated very slightly, but nevertheless went straight 
to the burrow, emerging again sborely afterwards 
T profited by this to add an the same conditions some 
eapplementary stalks of Sadun and sonce dry leaves 
‘The behanour of the Ammnophie was 2 20 way 
chaoged, Then, taking away stalks and leaves wn the 
‘absence of the insect, I propped against the wal, at 
the level of the lower edge of the hole, a walking- 
fick with a erook, 19 such a way thet the crook 
projected directly forwarés The muect, which had 
Just depouted ts oad of earth, retuned directly 
towards the wall, but amving near the crook it 
stopped, turned briskly to the nght, proceeded to 
‘bight on the wall one metre fifty centimetres from the 
Trale, and theo set ont again and duappeared. It 
returned at the end of half an hour; the stick 
having been taken away, it entered the bole directly 
and began to dag During ts tune 1 replaced the 
stuck, and when the Ammophvle emerged tt walked 
long the crook ; on ite return st halted again, flew 
to the fixed point sn front of the margin of the 
opening, thea turned to the right and disappeared. 
‘An hoor afterwards it bad sot yet xetumod. 
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According to the evidence, the cue is cot here tht 
actual opening of the hale; ats form and its interior 
arrangesent do not appear to be connected with 
the burvow in coune of digging, since modification 
nf the aspect of the openmg produces 0 serum, 
efieet. It 1s much more probably the whole of the 
surface of the wall wlach cansttutes the oxe leadmg 
leamediately to the burrow or mest, and which guides 


e 


Pegi cirmnete i vage stows, Th tan of 
ies dara sts ey 5 ak 
marked the last plane encountered by the Osmee. 
To sum up, the cue appeart to be lew an object 
taken by itoel, than a topographical relation between, 
‘various objects and the nest. 





‘This interpretation seems especially imposed io 
‘the presence of the following fats reve to Vespa 
splosns. Thad installed  cestof this epecies (¢. 7) 
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under 4 bell-jar having a tebulare at the top; the 
Delbjar was placed belote an open window ; the wasps, 
smatered snd emerged freely, foraging and bunting 
in the surrounding countryside Tus ezrangement 
[permutted me to proceed with various expermments 
Ordinarily, om returning fram without, the wasps 
landed dizectly on the upper erifice of the tubule, 
lighting without beatation om the rim of this 
‘opening and going within smmediately. 

‘Where is the exe in this case? Is it the relatively 
‘voluminous belljer? What would happen if the 
fubalure were duplaced? Fast of all J maved the 
Delljar twenty-five centinostres mearer the window, 
while « certain curmber of wasps were absent. On 
‘their retum, instead of going stright on to the 
mouth of the tubaluze, they passed beyond it without 
‘stopping, and circled round for several moments 
before finding the belyjar and ts opening. Then 
the belljar beg in its osuel place, I fixed in the 
tobukire, by means of a cork, « glass tube which had 
the effect of raising the neck five centimetres (ig. 7). 
‘The operation was effected, ke the preceding one, 
‘whist a certain number of the wasps were absent. 
‘When they retarned, all except one alighted directly 
af the lel of the cormal opening of the tubulure, 
‘which was closed by the added tube. Confused, the 
‘wasps crawied round for  vanable time, and finally 
‘went up to the keel of the new opemng. I vared 
‘the experiment by raisng the belLjer « distence 
equal to itt oom beght 20 centimetres}, without 
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imtrodacing any other modification; thin time the 
wasps alighted dzectly om the edge of the platform, 
‘whch occupied the former level of the opening. 
Must kmasthesis be advanced as the cause? Tf 
fone considered only the fist experiment, where the 
‘wasps flew beyoud the bellar which had been brought 
nearer, one could suppose such to be the cxse. Bat 
the averse experiment, consstg m movcg the 
bell yr farther off, does ‘sot agree with thes interpre- 
‘ation Uf i short, the waspa, gunded by suscular 
‘memory, go beyond the bellyar when it has been 
Drought nearer, they ought te excle on the previous 
‘hte of the belljar when it bas been moved backwards, 
‘Thus w not what happens: the wasps amive at the 
‘tubulure without perceptible entation. Moreover, 
how can looautiess be saxd to intervene when it 
1s above all a queston of leval? One can hardly 
rnupposo that the wasp ceturnang from the felis fee 
always at the sume heght, and m such a way that a 
certaun effort eorresponda with thearval on the bell jar. 
In reabty, evarytinng takes place as though the 
wasps measared, on the one hand, an angular dit 
tance between the two planes—the plane of tbe table 
and that of the opensag—and on the other hand, a 
relation of dutance between the soccemve vertical 
planes [t 1 oot the nest which os seen, which is 
separately localued,, sis postion 1 establnbed, for 
‘the wasp, n relation to the objects determining planes 
superposed un the honzontal seme, or socceskve 13 
‘the vertical one. 
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Therefore, every displacement of the nest, or Overy 
‘modification in the plane levels, should cause cou- 
fusion, and if the experiment of remeving backwards 
produces mo perseptibie effect, the is de doubtless 
to the fact that the wasps, earned on by the impetms 
nf their acqared speed, arrive straight om the bell- 
far. But a inter displacement woald hays sufficed 

‘to confuse the insects. This ss what Verlaine* 
obverved when be effected such a diaplacement of a 
rest of Vespa syleesins an relation to x tree. 

Tn addition, one last experiment shows the reality 
of this location by succmve planes The abutters 
cof the window in front of which the nest was situated 
were generally wide open, and swung back against 
‘he outer wall dunng the day ; xf they were com- 
‘pletely shut, the wasps entered by the space exating 
between their Jower margin and the window ledge 
vwithoot manifesting any confusion But it sufficed 
to leave the shutters Self closed, making with the 
wall an angle of 100° to 120° to confuve the wasps 
greatly The postin of the shutters formm, then, 
a supplementary plane before the wall. It the 
sume réle as was played by the walking-stck in froat 
af the bole of the Anmephile, or by the iron spike 
Tbende the nest of the Ooms. 

‘The recognition of the nest sate thus depends m- 
‘ontestably on visial cues, which cease at no time 
10 direct the insect, Ia the courte of jonrneyieg 
‘the direction of the nest, the vancus vissal memoties 
Iuave bees able to become eflaced, and to give place 
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to cwecular memory; in the vicinity of the nest, 
Kingsthesis no longer plays 2 part, viswal cues again 
intervene, and everything seems to indicate that 
the site itself la recogaized only am close connectian 
with these cues. 

It is, moreover, a question of a complex chain of 
events such that the cue it mo longer the nest es an 
object taken by itself, bot x relation of distance 
‘between various planes marked by the object or by 
‘the neat, Purthermere, the Hymenopterous eye 
perhaps does not give a clearcut, nor above all x 
detuled vison of objects. The Ammoplile tems 
scarcely able to distinguish the change caused in 
the general picture of the opening at the bottom of 
which iti excavating its burrow , but it distinguishes 
At once the presence of the object which, placed ia 
front, modides the registered dntance. It is thos 
fsa im all the other cates. The incct appreciates 
uperposed or cuccesatve groups of objects and their 
relations of distance; the uolated modifcations 
of « part of amy one of these groups passes as it were 
‘unperceived, whist the interposition or suppresnon 
of a uew group obcasiocs « lengthy contusion. 


C.—Recoguition of the nest 
Does the arrival at and recognition of the nest 
site Tend to the recognition of the nest itself? If 
‘the nest which happens to be on the site is not the 
real one, will the insect adopt it without dificalty ? 
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‘Whoo epinvists wish to reinforce a swarm or to 
change a hive they mbstitute one hive for another, 
and the bees generally accept the substitution. Doss 
at fallow that for the bees the nest is identified wath, 
the site? A categorical afirmation would perhaps 
ot cocrerpond with the truth, Even when it 
‘wccesfal, the substitution effected hry the apiarist 
rmduces 4 certain disturbance among the bees, which 
da not at once adopt the new hive. I have been 
able to asmze myself with other Hymenopters, 
that if the insect finds another est in the place 
cof its own, the change does not leave it entirely 
indiflrent, 

Te was with ths am thet T subsbtuted for the 
Dellyar covering the mast of Verge aphesine another, 
sumilar t every particular, covering © nest of Vespa 
cratro, At the mament of substation, several Vespa 
plovsins were foraging it. the fields Two of thera 
won armved, they went indeed into the new belle 
ar; T emmarked, however, a alight backward mover 
‘mnt befare entering Once in the belljar they 
‘wint on to the mest, but stayed hardly « moment, 
sand then departed. Evidently the extreme sursarity 
‘of tha two bellars led to confusion, whch was pro- 
duced without beng extctly immediate, but whuch 
stopped at this pout and did not extend to the 
nest. 

Ta the same way, I substituted for a nest of Palestes 
gelhens* a est of the sare speces, empty and 
ating foe the previous year The Polses returning 
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to the sl alighted on tha nest, "explored "it, and 
finally abandoned it Certamly, thie nest no longer 
contained any larva, and so difered cavntially 
from the actual nest. Pethape this cirum- 
stance determined the abandonment, as Desry bas 
suggested ” 

‘The experiment, when made under improved 
canditons, gave results very little different, Tn 
the course of the sammer of 3945, I placed side by 
side the nest from winch a Peiies bad just exerged, 
and another which was still m use Set down an equal 
distance from the two nesta, the insect explored 
them one after the other, and finally abandoned 
the strange nest. 

‘Apothar equally positive cbservation shows that 
hunges very sight 12 appearance oocmton a5 
““npeasiness on the part of the insects Wheo 
added a tube to the neck af the belkjar enclosing 
the nest of Verbs aylorsns (0p. 32), ths addition 
Jad not simply the elect of rasang the opeamg and 
coafunng the wasps, st provoked also a marked 
Tentation once the new opening was dncovered 
Not all entered duvectly—at least they became involved 
fn the added tube and came out agun Candituone 
‘were evidently not as amv. Several wasps, never- 
theles, entered without pereeptblehesitatinn, 

On the other Band, the wasps which were in the 
Dattyar when T amerted the tobe muutested great 
uncasisess Though the added tube simply redoced 
‘the calibre of the opening without obstrecing it, all 
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‘tha wasps massed themselves finally at the level at 
‘hich the tube entered the belljer. Some went inte 
‘the tube but immediately came out again, ax if they 
found an inzurmountable obstacle before them. Tt was 
‘only at the end of half an bour that the insects over- 
came this didiculty Tt cannot be doubted that the 
‘ew arrangement, whether because of the alight ledge 
‘caused by the tube, or the cabbre of this tube, oF 
seme odour—or any other analogous cause—pre- 
‘vented the wasps from " recognizing" the onéce by 
‘which they had fer several days been leaving the 
est, 





Te fs trae that the substituuon or modication 
flected doea not always provoke « marked uneasiness, 
T ruler to the fact that Deacy was able to ceplace 
pest of Vespa germanica by another withsot cuuting 
acy confusion Substitation is always posible, since 
fapiarists are constantly malang use of at, but this 
oes not mean that st occasions no reactioa, or that 
the few nest ss adopted at once From the assem 
‘lage of facta, the likelihood emerges that the insect 
does not confuse nest with ste, but recognizes the 
est. 

‘What thea in the exe to the cest? We have hardly 
the roeans of choosing aciong all the various possible 
Inypotheses. The experimestal data soldly enable 
ns to say thet sight doer ot endenisbly play the 
preponderant réle, ond thet olfection intervenes 
Perhaps is a sore active way. Tt sects difient, in 
fet, to admit that the Hymeoptersas eye discers 
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such 2 minute detail 2s the modcation in thickness 
of gins, oc the very sight diference ix contoar between 
‘ovo nests of the same species Moreover, the fncts 
observed by Ferton in the Ozma indicate clearly 
‘that only the colour and shape of the ensemble afer’ 
these insects, When one moves the ahell an which 
an Onwa (0. rufoluria) bas rade tx vest, the insect 
‘comes and goes, turning m all directions; at intervals, 
it abights oo shells, of ever on stones of smuler colour. 
Gurd thas also made mimes cbvervatians ou 
Osmia aurnizata vesting in the Helis of the dunes of 
‘Winwereux. 

1 all probabsty, the visual images regustered by 
the Ormia are mages of an entnble correspooding 
to a contour of vague stape, or to a not very clearly 
defined syrter of coloration, The cues permitting 
lective recognition are furnished by other nensen 
‘than mght In the case of the wasps frustrated by 
‘the addition of a smple tube, these cues are pecbaps 
of a tactile order, In the case of the Oomee of Fertou, 
they are, am part at least, of um olfactory order. 
Searcely has the Oomoa, 10 fact, slighted on a stone, 
or a strange shell, then at departs at once and re 
commences its wandering, when ct elghts on its 
‘own abell, it recogmees this amediately. It re- 
cognizes its shell, even if the shape has been changed, 
either by damaging the perstoma or by partual bury- 
ing in the ground, st recognizes ats own in the midet 
of many others, even if rt is cubed A distinction, 
Trowever, is necemary, which clearly defines the 
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Process. Recagniton takes place when the peristoma 
is above, bot not, according to Ferton, when it is 
‘below, 2d when’ the emanations from the bet- 
‘bread are thas ether stopped o at least strongly 
The recent experiments of Verlame reveal 
squaly the part played by lifaction in this 
“ecagnitioa * of the nest The experimenter con- 
cenled & nest of Vespa gemamce wnder a cardboard 
Ande, und disposed all around ten simdar shades, 
‘The relative postion of the nest was constantly 
modified in wach a way as to avoud topographical 
localisation on the part of the wasps The cover 
of the nest was, however, perfumed with mint ot 
de-cologoe. ‘The results were very signsfeant 
altbough avasing tbemalves of no other cves than 
‘the odour exhaled by the cardboard shade, the wasps 
retumed straight to ther matt Verhune’ had 
previously established the fact that if their neat 1s 
suspended from a branch of a tree, waspe ave attracted 
by it when they find themselves beneath st, at a 
short dutance, ma bead wind. 
Observations and experments thus agree Posie 
tive for both Oswse and wasps, they carry some 
degree of generality. {Cas tree that not all fying 
tnyects have an equally developed sense of smell; 
Dot it would be extzeme to deny the anterventics 
‘of olfactory stimulations. They are, however, not 
floce, and in certain cases one must peshape allo 
take ‘tactile stmmul into accoust. However that 
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may be, one is unable to atirm that the ate of the 
nest coincides for the msect wath this nest; and 
‘the recognition of the fest does mot necessanty follow 
ftom the recognition of the path leeding to the site. 


From a gener) pont of view the assemblage of 
wellastabtiahed facts regarding the Syng Hymen- 
optera persuts « definite conclusion The ontutatioa 
of thee snaects begs acto play only semiory cues 
From the motbent the imect starts an the directoa 
cof the mest, until chat an which it arrives at the site 
cof the nest, these cues are certainly and perhaps 
exclusvely of a visual order 

‘The manner im which these ces are regutered 
seeau complex Besides the fact that the cves are 
relations between objects rather than the objects 
‘themoelver, st can be stated that the flying Hymen- 
opteron ceguters at departare smages Imked together 
ss they would be on retum, since 2 fies off lookamg 
ft the nest, But wamedbately alter ths, ot regetert 
amages of which it mast on retura reverse the arder 
vt connection. Expeementaton proves that ths 
latter process 1s a matter of 0 dificolty from its 
firat excursoe abroad, the sect retraces the path 
St has just travelled Thus result permts us ali to 
say that the beckward fight, executed by every 
Hymenopteros wluch icaves the vest for the frst 
‘time, bas pertaps no rea] utbty. 
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‘As far ax this is concemed, moceover, experiment 
furniabes reasons for thinkmg that it can just o2 
well ead the insect into errer, as facilitate its retumn. 
Experimenting for instance with the nest of Vespe 
yest ™, 1 frst of all atranged an exit by the 
Tbottom of the belyar; um a constant faalnon the 
‘asp which came oat rose at once and flew above 
the belljar, having thus im view the upper part af 
‘the jer and its sorroundngs; an consequatee, 00 
returning they alighted on ths part and sever at 
the opemng, which they took a certain tume to find. 
Who, moreover, has mot seen Bombus cearching a 
Yong tune an the neighbourtood of thear nest before 
encountering it? Do not these beutatons anse 
‘recuely from the repstration of smages whuch do 
‘wot exactly correspond with the nest sate? Such 
Ihestatan ws in vivid contrast with the assured Bight 
of the Hymenopteroa which follows the retum poth 
etwiea the region io which it bas beea forapng 
and the mte of the nest. 

‘This path doubtlew mmproves progressively and 
becomes simpiiled, vanous antermediate cuss fade 
‘ut and disappear; at seven probable that muscalar 
memory is substituted for visual cues over a large 
part of the courte. To all these cases, the visual cues 
immedately lading to the nest permst. It 1s these 
latter of which we have been able to grasp the oo- 
crdination inte © complex of superposed or saccesive 
planes, At the nest itself olfectory, tactile and 
ethape other coet come into play. 
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‘To sum up, in the whale cours of the path analysis 
finds sensory eves only; at no moment does it find 
occasion to adopt the idea of a special sense of any 
ind whatsoever 


CHAPTER If 


De ts comcanions, which are vali for winged 
insects, apply to all the other Invertebrates ? It 
cannot be admitted « priori, for the conditions differ 
feuentially m the two cases Assuming that the 
sonal registers vissal images, it saturally does 
rot ragiiter them in the sane way; aod neither 
fre ey comparable images. Furthermore, the 
fact of walling brings the animal into immodate 
contact with vanous stumult whsch are encountered 
by the Ging insect only at the moment of alighting 
the nest 
‘Among the Invertebrates which meve about by 
means of walking, the ants have been by far the 
best studied, acd it wil be coovement to examine 
them fir. 


Tee aes 


Like the winged Hymenoptera, the ants leave 
‘theur nest, go a great distance, and then regain ther 
point of departnre, usually after baving gathered 
booty of sone kind. 

* 
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When an ant goes out for the first time, or after 
Gisplacement of the nest, the manner mm which tt 
Ddebaves bears some analogy with the backward 
fight of bees and wasps, Admttedly, it does not 
leave backyards, but, haviag arrived at the opening, 
ssatead of laaching straight forth, it stops and 
vwavers, stepping to the night, to the left and for 
ward, as af hesitating. The sum of facts actually 
known does not, however, oblige us to think tbat this 
Dehaviour, desenbed by Bran", has any maces: 
tary Kelston to the recognution of the nest Tt docs 
ot, mn we shall see, prevent very oonsiderable 
Irestation on return, and Pechaps rt at the same 
‘with this attitude on departure us with the back- 
ward fight of bees However Us may be, once 
the ant has come forth and 1 oo its way, two very 
dvtanct cases have to be considered, according. to 
‘whether the insects move about sngly, or follow 
cack other wo column formation. Each cate deans 
separate study 





A Collective Journeys 


‘When the ants move about in colarns, they 
fora often very jong fles, and follow worn paths, 
‘wach are more or less mumerous around a formicary, 
are always welltraced, aad adhered to very exactly 
Obgervers beve for & lang while recognzed thet 
the ants uamg these paths are guided by the odour 
vith which the latter are impregnated. Numerous 
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{acts support this opinion, while showing that thougle 
liactien may play the principal part, if does not 
‘Bay an exclusive one. 

‘Of all observers, Fabre* alone denies the inter 
ventign of the sesse of smell. He finds, however, 
that red apts, Jeaving ia & column, follow on return 
Al the windings of the outward journey ; but after 
having provated a lengthy daturbance by sweeping 
‘the track, drenching it wth water, impregnating 
1 with mint, and covermg it with paper oc yellow 
sand, be concludes thet ants proceeding in a colursn 
fare guided by visual cues. Without further proof, 
ye affirms that these exes are taken Irom micro 
Aeopic objects, on a eale with the ants, He bas, 
obviously, forgotten to make the necessary countet- 
experiment, either by Blindmg the ants or by 
removing their antenne.* 

‘The experiments of Forel, on the ccntrary, 
atthe problem defcitely. 

Focel fest removed some of the andividuals from 
a collective track of Formce pratense Ke cit off 
‘the antennze of some, vamished the eyes and oceli 
of others, and then replaced thers on the path, The 
lnvhviduala without antence wandered indefioitely 
fn all directions; they did mot succeed in revuming 
the comet dincticn, and Snally becante lot AB 
for the blinded individuals, although they mazi- 
feted evident uneasines, they nevertheless fxished 
11 nb mt, mero, St ae 


i ier, vin 
ams ofc _ ir the pce Hymaceytes, Fabre aici 
weeey Sur or san 
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by taking the direction of the nest. At the outset 
they meandered somewhat, but this soon diminished, 
and the coume became correct. On the sntakirts 
of the nest, however, the insects went to a certain 
extent out of the way 

Nevertheles for this species the suppression of 
the tense of aml took fram the ant all possiblity 
of retaraing to the neat, the suppretmon of sight 
induced only 2 pasang and partial confusion, The 
ble of ollactory cues seems then preponderant 

‘This w also the case for other species, notably 
for Formea refe, studed by Pion" A column 
of this specres was proceeding along x path strewn 
oth rocks and stones By scraping with m rock 
over am extended macttoe, or by sweeping the 
‘ound, the author occasioned a marked dustarbance 
He obtained the same result by alterng the poal= 
tian of a stone or leaf on the tra, but the ants passed 
stroght on when they met with the stone or lett 
in sty new postin The mterpotion of an 
“odors obstacte cruted equal uneasiness 

‘We ave all, marcover, bees able to perform 
similar experiments, and to obtain concordant and 
very mgmifcant results, 

In adaston, it is right to ecphanze that the 
Fonmsca have relatively short sight, a fact thet odds 
‘to these expenitents an element of proof, 1, m 
shart, one 1 dealing with speoes which are blind 
‘€ have poorly developed sight, liaction alone enters 
into account. Forel states that an Zeston (blind) 
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‘which fas been following ascent, resumes it without 
ror on being turned aside In the same comuction, 
Polyergns deprived of ite antenne is ummediately lost. 
Carnets for his past, has shown. experimentally 
the way in which an olfactory tra is constituted, The 
neceamary time for its extablishroent varies accord 
ng to the species. Tt is particolarly brief for species 
with a pronounced odour, such i notably the cate 
with Tepinome erratcem Wf one cuts acrom a 
tall of ants of this species by sweeping it over a 
ccertun length, what will be the remit? Fin of all 
a marked duturbance; the ents eutge back in a 
sant from the two aides of the swept area, Thea, 
at the end of three nunutes some indivdaals bepn 
‘0 return, the first seven behaving in the following. 
way (fq $). The fint to amve, roving rapndly, 
enters the swept zome, but, after going a distance of 
from 6 to 7 centimetres, stops contused and finally 
returns in the reverse directo. The sacand, arniv- 
sng from the opposite side, advances a Uttle, retires, 
‘and then returss and crosses the swept sont im a 
efinitely oblique direction. The third, after a 
‘wef excursion at a slow pace, retuma in the reverse 
rection The fourth, after a defitite return, de- 
cisively eaters the emept area and erostes wt slightly 
obhquely. The suxth and seventh cross almost 
Girect, meanwhile describing wide carves. From 
‘ths moment the trail seems reestablished , for 
this to be effected, about exghteen minutes have 
‘been necessary. 
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‘The time, however, can be much longer Cornetx 
counted one Bour and twenty minutes at lest for 
le ‘The west bemg et N (6g. 9}, rome 
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ends warn placed at G belore x worker which was 
2 metres from N.  Dunng twesty muastos it 
joumeyed back and forth, but without following 
exactly the same path, thes other workers came 
‘out, followed the tral of the first for a length of s@ 
centimetres, 2s far as D’ and dispersed beyond that 
Punt The dispersion was very marked at D Several 
atrived at the goods, and at the end of abont an 
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hour and twenty muautes tad traced a path from 
4 to 4 centimetres wide From ths moment every 
lant placed oo the path wandered for a longer or a. 
shorter period, according to the distance at which 
ft found itaelf from the nest, that 1s to say, according 
‘to whether the trad was more or less well defined. 
Tn @ general way, omce the path 2 ettablsbed, 
‘the nts follow it regularly, so much 10 that at the 
nd of a certain ume, one sees vunble traces 00 the 
round, in the farm of a lover depresson, 
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low ig this trail marked out? Is prolonged or 
renewed contact ofthe ants with the ground suficient? 
Santsca found ™ that ants gumg afekd (Aeewihlepis 
Srauenfis,Tepizams erator, Componchas maculatus) 
‘alta seetetion which impcegnates the ground. ‘The 
following experiment demonstrates this dearly. In 
oun of the compartments of an artical nest (fg. 10) 
wnere encoved twenty workers, which were kept 
‘thout food for thee days. On the third day, after 
swe syrup had been placed in the fourth oompart- 
fect, the passage was opened. An ant explored 
the three ‘comecutive compartments, encountered 
‘the syrup, and setured dragging its abdomen on 
the floor From thia time the other ants folowad 
‘the tai, and went directly to the syrup 

No doubt remauss as to the exteace and uttlza- 
‘ton of an olfactory tral One paant, however, mist 
detain us, When he tal w ntercuptd, after x abort 
‘pend of confuxen st is fnally re-established, this 
dimples that the ants resume the same directuan, 
{ellownng xt im the absence of olfactory exes. What 
influence do they obey? 

According to Cormets, the ante woud poses a 
fqmeral arentation to the way (fare decom), and 
follow st ont on the disappearance of odorous tral 
‘The term “ pure direction” may lead to confusion 
by evoking the sea of a trancocdant faculty. If 
Thave properly understood the thought of the author, 


"Sanaehs spec of 4 ead “seteonaly src Tt a Bat 
‘pram ta Hts onset opment Seana 
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tt is a question, in realty, of acquired crientaton, 
of n semory cue of a nature perhaps dificult 10 mate 
Precisely, but devoid of all mystcal signification. 
‘We aball see later that Cormets' interpretation corre 
sponds probably with postive facts, and that the 
anmect makes use on the return, of an “‘onentation ” 
Tegistered on the outward yourmy. It is, oevet- 
‘theless, not tha only factor antervenung, and its action 
aw not always predominant, Other cues enter into 
ocouat according to the species, as well as to the 
circumstances. 

en fact, at the outset, should claim attention, 
‘When one removes an ant from tts path, and replaces 
Ma Little lates, it resumes the darechon which it was 
Previounly following, In the umposstalty of sung 
the nest, by what cue does st gmcle itself? Does the 
lfactory tral furs some gn or otber which 
indicates the directs of the nest? Forel mupposes 
that the ants possess 2 topochemical see, and that 
they are capable of locabaing their olfactory sensa- 
tions in space. They would then perceive differences 
fn the mode of emanation of odours, they would 
ustingush the “ elongated smell of a blade of gras, 
the rounded and diffrent smell of another leaf. . 
that of a clod of exeth . that of a passing msect, 
and s0 on.” The ant would then not confuse 185 
ght wath its let, and everythmg woald take place 
ua thoagh, according to the expression of Bethe, 
the collective trai were folenised Forti founds iis 
conception ox the fart that asts (Formica pratense) 
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captured on a trail lading to 2 group of aphides, 
‘then replaced on this frail a metre from the point 
of eaplaze, resumed the direction they were flowing, 
after soma very short cxcusta. Ths observation 
‘appears to him to correspond to an experiment cxnde 


Pe re —Phn emcee mag sad movable dt of Lubbock 


by Bethe’. A movable duc was introduced into 
«collective trad; when by succemve jourzeys tbe 
ants nd suficiently sucked the odorous tral, the 
dice was tarned through 180°; the trail sill ensted, 
Dut the eogrsent corresponding to the dise was exactly 
revered. The ants mumfested a very bvely dis 
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turbance, going back and forth over the disc, greatly 
agitated Tt was only when the coming apd suing 
Jed them to the other side, that they resumed their 
route tranquilly, ether towards the exit or towards 
the aphides 

‘Though evidently very ingenious, Fore!’s con- 
ception certainly does not account for the facts, If 
{ms true that an ant displaced on a collective tral 
remmes the same direction, ths renlt i mot doe 
‘with certainty to © diference rocoguizable by the 
insect between the right ned left sides Bethe's 
experiment permits another interpretation, In fact, 
«previous expariment by Sir John Lubbock, under 
taken with quite a different aim, does not ‘ve at 
all the result indicated by Bethe Worlang with 
Leows niger, Lubbock took two concentric ngs and 
central disc, movable on axe another (fig. 11), in 
such a way thet they could rotate mdepeodently. 
Now, whan he tarsed through 180% either LA st 
GF, while leaving the ring 1G fixed, be obeerved 10 
modification in the movements of the ants; they 
continued stzaight on thelr way. 

‘Qne of several other conditions, then, intervene. 
One of these conditons is due to the fact, accord- 
{ng to Brun, that the odour of the tmit diminishes 
progressively 1a intensity as the nest is Teft; this 
‘prvdoal diminution be thinks would guide the ant 
‘when going and coming, The fect woukl be pat- 
(enlarly marked on trois leading from the neat 20 
group of aphides, and apprecibly lam lstinct 
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vos ober cases In the former case, the general 
duectiom of the journey would be furnshed by sight 
to ants stopped by a break in the continwty. Various 
‘expenments of Santechs establish this am a postive 
way. Here, for example (f¢. 12), a nest , fom 
‘which lead two trails: one um « dlreetion frum east 
to west (a), the other in a saoth-westerly direction (6). 





To, 12—iatemcs of Wht on ane ftomag aa slaty 
son fattncnpeseat 

From the trail s, an ant proceedmg towards N is 
Temoved ad placed on tral b. It continues its 
fonrney tonarés the east, and goes off the tra; but 
fa immediately led back to it by the odour. A lite 
afterwards, notwithstandiog, it again taker the 
direction of the east, and again the odour lmds it 
‘back. 

‘Bron obtuined the same result and arrived at the 
same interpretation by a diferent experiment. Over 
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‘an ant which was going away from the nest NV toward 

‘the mum, at three pm. (fg. 13), Bram placed 2 box, 

enclosing it thus antl fve par. He then raised the 

‘bon and the ant departed, retracing ita steps in the 

‘opposite direction fcom Ose sun, Brun coted that 

‘the angular diference between the outer and return 
ea z 


os 7 
‘s 

Fra ry tates of Ugh co ate (ers pena 
journeys corresponded to the angle formed by the 
Positions S and S” of the san before and after the 
Innprsonment af the an. 

‘Those experiments doubtless do mot exciude the 
dhypotnesis advanced by Cormete of an crientation 
in general directoo. But as Santichi, and after 
This Brum, have extabiched with certitude, a6 we 
shall see, the rfie of tumincns cues, there is ground 
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for assuming that these cuss intervene in the case 
of partal destruction of ax olfactory tral AB a 
consequence, we find ourselves led to think that ants 
‘oing over a grenn tral register at least two orders 
of cues, ane visual, the other ollactary; the one 
for the other predominates agcanding to species and 
reumstances Species with good sight and feeble 
sense of smell, rach as Cateplypins, use especally 
visual cues, and are able to continue their route after 
removal of the antenniz , shoet-aighted species utilize 
rather olfactory cues, and are wore oF lets duuonented 
bby amputation of the antenas, as ts Afessor Within 
1 ven species, one or other uf these two senses comes 
{nto play io varie of the age of the trail The older 
‘this, the more odorous, and the leas mgt intervenes 
this, however, plays the principal part at the come 
mencement of establnbment of «tra, or f by chance 
it is nterrapted 

‘Tactile cues intervene as aooestones Turner 
‘shows that the anterpoation is a path of a velvet 
surface is sufScient to confuse the ants These varied 
stimulate associated with, complete, or replace one 
another, und these multiple interferences show all the 
complexity of the process 


B—incleted Anis 

‘We shall perceive this complenty still more when 
‘we enter into the facts m deta by studying ents 
‘which leave the nest alone, without following « besten 
tick Olfaction , in consequence, sluxinated, 
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except on aval, and ths excumstance permits us 
tp proceed to amore prenseexaminaten of other cues 

‘The ant which moves abot alone sets out at hazard 
After having traveled about for a certain tame, having 
fed oc gathered booty, at returns towards the nest 
For it, a8 for lying Hymenoptera, 4 distinction must 
‘be made between the return x general darection und 
the recogmibon of the nest ste 

‘Thus appears to coinede with the recognition of 
‘the nest stvelf. The analynis of the process prevents 
tbo diicalty, and st we prelerable to examice it forth- 
‘with, to order not to have to return to tt. 

4. Recognation of the wast te. When, following 
‘general direction, the ant arrives ut the level of the 
nest, if does not necessarily haypen cm the asst itself, 
but oly on the smmedutte zone, sometimes barely 
a few centimetres away One sees at then go hither 
aod thather, deserng twats and turns, well observed 
by Turner ™ we a doxen species, it performs, m 
8 word, the turang wtuch Comets terms “ Je fournote- 
‘ent de Turner” Thos 1» caused by the multiplaty 
of indivadual eltactocy trails which tntervect 15 the 
ewghbourtood of the nest. AS soon as the ant en- 
counters a collective trai, from which doubtless 
emanates a stronger odonr, it goes strught to the 
nest. The tormng lasts lew Jong 1m spenes with 
good sight which ute other cues, than in species 
‘with feeble sight for whuch olfsction plays the chef 
part For both alike, everytlong masiong the cues, 
for example the carrymg of booty sufficiently bulky 
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‘tm Umit the functioning of the anteanx while also 
obetrocting sight, increases the ancertusty. 

‘This takes place only i the icomediate surround- 
ings of the nest. Up ta that point, the insect follows 
independently of alt afactory trail, a general direction 
which leds it exactly to these immediate surroundings, 
What coer doce it follow? To what inguence is It 
subjected? 

2, Progression in generat direction. At the outst, 
an ementia) statement js izmposed * the omtwand journey 
conditions the raven. Al present writers, Comets, 
‘Sentechi and Brum among others, are unanimous and 
precise, From this point of view, then, the ants behave 
Mike the fying Hymenoptera. Ants carried wwny from 
‘the vest either do not find it agam, or if they do 60, it 
in only after baving wandered tore ox Jet at length, 
‘tuming more or less regularly. The return to the nest 
epands inthis instance on pure chance, nd nothing 
batinguishes ants from box ane waspe ie this respect, 

‘But, on the ether hand, every ant which has goue 
vay from the nest on its own account returns to 
it, oven if lange distances are traversed ; the totam 
path fs parallel to the outward one, whatever may 
be the complexity of the latter. Cornete™ was 
‘the fit to ental the fact of this paralleis, which 
as been confimed by Sentech. Most’ often 
(in 90% of the cases), the ant which trave's may 
‘rom the nest follows cingle direction. Its progress 
18 not strictly rectilinear ; st us cut into by “ explora- 
tious” (8g, 14, 2), but ater a short or prolonged 
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curve, the msect resumes ts orginal direction. As 
soon a3 the ant encounters an attractive object, it 
takes this in st mandibles, tors through 160°, and 
sets off towards the nest. Tn this also, the ant 
Tbehaves 25 does the bee winch hes yust found booty. 
From the moment it resumes the direction of the 
rest, at follows a perceptibly stright path, 40 of 
$0 centimetres distant trom the outward path At 
the level of the nest 1t stops, and there the turning 
‘commences. 

In some stances (S¢ 15), the ant follows on the 
outward joumey two directions, unually at right 
anglea, the return is none the less parallel, sone- 
fhimes eutting acros the outward path Finally, 
an exceptional cases the ant adopts thtee dinectiots 
‘which st adbares to on ceturs, veo if tbe point 
stopped at is relatvely near the nest (6g. 16). In 
the two last-mentioned circumstances, however, tt 
Juppens that the ant takes the shortest cot, we 
shal examuce thas particular case later. Under all 
conditions, the ant stops at the level of the nest, 
even if the return path leads 1t laterally for some 
distance. 

‘The problem bemg thus cleariy stated, the question 
anses as to what are the factors determining the 
etum. Olfaction dons not enter into play, since 
Relther sweeping nor chatacles turn the ant from 
the path. The experiments of Comets are deciswe 
‘on this pomt: the sweeping of a broom i front 
of the returning insect (Rg 14,5), remains without 
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fect. In addition, the ant sometimes exts wcross 
‘the outward path, and is not retzined by it. The 








mew road which cannot yet be sm- 
pregnated with any odour. Three questions, there- 
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fore, moat claim our attantion: the resuming of 
(he guaerel direction after excouter with booty, the 





sue way 6s in the case of the ying Hymenoptera, 
Dot the ants furnish some elements whech pent 
1s to farese a sokabes, 
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‘There emt, m fact, ants which go abroad at oxght, 
‘ovat the least in badly lighted places. Many of tam, 
‘movmg about alone, do not make uve of any olactary 
‘trail. Now, after having circulated sbout, they take 
again the direction of the nest. An experiment by 
Cornetz™ u vary suggestrre on this point. In 
‘proximity to, and to the east of « est of Tespinoms 
erratucum baving two entrances N,, Ne, the experimenter 
deposited in the tmlight « bone over which he placed 





2 cover (fi. 17). The Done was oon divcovered by 
the ants, which passed ender the cover equally trom 
Ns and Ny, they thos followed two dxectons . trom 
west to east, and from south to east. The bone, 
extensively attacked by the ants, was tranrported 
at might 5 matres to the north, hidden under the cover 
to wvord all influence of light, bowever feeble. In 
addition, it was placed down after rotation througlt 
90°. Half ap hour later, the ants commenced to 
Teave the bone, coming out from under the cover by 
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the pouts A‘ and B’ coresponding with 4 and & 
{fg. 28), then following (wo directans fram cast to 
‘west and from south to west, that 1 to say, two 
Guections poralel to those followed om entenng 
¢ 19). 


Foss Sit er alae a 

‘The experiment, wisch was repeated sever] times, 
seems to have bees exaducted wrth all pecesary 
rngout, and shoold be held valid. Without doubt, 
fat Sentchs™ sents, the obvervar dou not see 
what taka place under the cover, und there is nothing 
‘to prove that all the ants resume at the outet the 
direction taken ox coteang; there may pectaye 
soo enst a sight densiso between the entering 
and retarn journeys; the grea) direction ix nese 
he Uae aka, and that lone a of importance 
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Now, under these crcomstancea the ants make 90 
‘se of ifactory, vieul, or tactile cues; they were 
on the bone at the moment of transpertation ; they 
‘wert deposited in uew territory where there conld 
fist no tea parallel to the two initial directions; 
‘they bod been trazsported st sight, not only to 
considerable dirtance, but into an appreciably dliier- 
cat cxviroament. We are constrained ta adnit, 
‘until groot to the contrary, that the ante registered 
‘© catfain diction. Evidently they could do 20 
only by felerence to the bone, for it must be eu 
Phasized that they register the dicection of active 
change of position and ever of pessive removal. 
‘The transport of the bone 5 metres to the north of 
ita origital onion. eertalnly exercised no infivenca 
‘on the return reaction. There ia uo question thes 
f x mysterious and inexplicable inner sense, of « 
ease of “attitudes”, cor of anything resembling 
it, Dat of x direction taken ic relation to an exterior 
one, Such ip at Ieatt, the significance which to my 
mind emerges from Corsets" experiment. The cue, 
{in this case, can be only the bone. 

‘The latter undeciably underwent a rotation of 
go"; but need great Importance be attached to 
‘this rotation? The ants probably crealated to a 
crtain extent in all directions on the bone, and 
‘the change in orientation imposed on it adds hardly 
at all to the eBlect of the comings and goings of the 
insects, especially es it was & passive change in otien- 
‘ation, Ta suppone, then, thas the ante register the 
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angler thus described amounts to formulating an 
entardy giatuitows hypothesis. As 2 matter of fact, 
every at which sbacdons the bone and roramen 
‘the directlon of entry, behaves in the ame way ax 
‘tha one which meets with « booty and returns along 
‘the road to the nest—and in the same way Es every 
flying Hymenopizron which exccates the sume move- 
ment in analogous conditions. The experiment of 
Comets, by eliinating a series of variables, indlontes 
‘Hat this turning round in sot secemaily directed 
by the habitual exterior cues. In all probably, the 
ue is the actual object encomntered by the insect, 
‘whether it caries it away or abandons it, 

‘What ia the consectoo which is thos established 
jn the nerve centres of the insect between this com 
and the outward direction? We are quite incapable 
of saying what Its The fact remains, and as roce- 
‘over not isolated, so that it should not be needful 
to conaider the establishment of such a compection as 
pecessarly bound up with the process of retam to 
the nest. 

Cormets’ experitent 1s in fact w close agreement 
wath experinents which IT myself’ carried out it- 
Gependently, and of winch the fost dates back to 
period whea, by reason of circumstancen, Y hed not 
become acquainted with the work of Cormets. At 
‘that time I observed the relation of these experiments 
to the problem of crietation, and it now appears 
‘tome extremly chose. 

It was in September, 1516, I exouustered on @ 
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path a caterpllar of Carsue iganperde coming trom a 
neighbouring willow and guing towards the cast. 
‘With the end of a stick, 1 tarned it aside; but it 
‘immediately resumed its direction. Succesive 
attempts remained entirely m vain Whether I caused 
4t to perform a rotatian of 30° ot of 280%, coor st wax 
left to Itself the caterpillar execated # rotation in 
the reverae direction of appeaximately equal value. 
UE T placed an obstacle in front of st 5 sirted round 
thin without allowing itself to be diverted Finally, 
I pecmitted it to advance along the path ; it entered 
the bordering ground, traversed a distance of thirty 
metres fin twenty-five minates), comng into contact 
with various berbaceous tufts, and at length stopped 
st ono of them and began to burrow I strughtway 
‘extracted it and cartiod 1 to the point of departure ; 
scarey Uberated, It set out again, once more towards 
the must, I interrupted the experiment and Sm 
pehmoed the caterpllar me fase Two hours later, 
1 Mberated it at the exact spet at which T had come 
exons it, This time it took a sorteriy direction, 
and arrived at the foot of a wall, Led—or thream— 
ack severa! times to its paint of departure, it retard 
always towards the nort®. 

In the coarse of experiments, Y established the fact 
that the drynew or humidity of the evil plays no part 
ia the phenommon By mosstening at certam points 
the ground over which the caterpillar was moving, 
[ indaced na appreciable reaction. Encounter with 
1 tract of ground strewn with débeis of straw or graze 
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produced a core noticeable effect ; the caterpillar 
‘wus not attracted 10, but retained by it, Taking 
sooount of this fact, I transported the animal to the 
western edge of the path, placing st in contact 
with grasses and straw. Immedutely, abandoning 
‘the northern direction, it proceeded towards the 
west. From this time onward, as often as 1 
camed it back to the middle of the path, it 
sarted invarably towards the west, in spite of 
all my efforts, In short, as I have noted above, 
everything took place as ifthe azumal startng in any 
‘Given direction found itself, by virtue of this fact, 
polarised. 

T have siace cepested tbe secue experiment wath 
caterpillars of Bomiys rds wet with on the roads, 
and have constantly obtained analogous results, 
By gudmg the caterpilan with the end of a stick, 
fane wocceeds in turning them aside, but mediately 
they are let to themselves they resume the original 
direction. 

Finally, 1 quite recentty wosked im the laboratory 
swith scorpion (Budhwe excites}, under more tigerout 
conditions The results agree with the preceding 
ones, The Atackod was placed at one of the ex 
‘trenitls of a long table, the room bemg lighted by 
‘wo powerful lamps, ane on each side. The animal 
set off im a cartaun direction ; led back to the powt 
cof departure, it persistently resumed that direction 
‘The two lumps wa extmgushed alternately wathout 
ampdhiying the seat. It was oaly after having caused 
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the scorpion to effect forced journey by guiding 
it with a stylet that I succeeded sn malung st take 
the reverse direction. What was the cue by reference 
to which the scorpion changed poston? Perhaps 
st was the edge of a cloth tured back on the hal of 
the table, an any case, it was not » lummnovs cue. 
‘The principal interest of these experiments with onter- 
pillars or scorpions as that these animals, so per 
Iustent in moving in a given direction, ate not subjert 
(o any attraction comparable wath that which might be 
considered to animate a cest-buulding Hymenopteron, 
fe have to do with a process which seems vecy wide 
spread, and which corresponds very probably to the 
Fepatration of a ene mposing a certain direction on 
the amnal, whether or not this direction lnedi back 
to the pount of departure. 





‘To retum more preesely to the ants, st s needful 
to state that the resumption of the general direction, 
1m spite of its unportance, 3s, however, nut all that 
15 mvolved. This “*genenad direction “38 not 
necessanly that of each of the sections of the journey, 
‘and, when the outward course 1s eSected by Jollowang 
several dzections perpendicular to one antler, the 
ant takes oo reverang at the moment of return, the 
ection of the lust aechon of the outward journey, 
‘which does not of neceamty oainesde with the direction 
of the neat. 
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Mast one admit for the ant whch moves fom 
place to place a “sense of described angles”, mote 
fr Jess comparable wath the “sense of attutades "? 
‘Thus hypothess, advanced by Comets and Santschy, 
ls not Tased on any pomtive fact Undoubtedly, 
when an ant mounts a movable dmc, whch 1 then 
rotated through go", the insect executes a rotation, 
of the same amount am the reverse direction, But 
‘that m no way demonstrates the exstence of a sense 
of described angles. We shall see later that the re= 
taking of the direction depends on a eve external 
to the ant, olten ov « lumnous cue. The hypothesis 
cannot be retuned, 

‘Most one think of rouseular memory, and consider 
that the tsect returning «2 the general dvection 
entumates the distance to be traversed, and after 
boaving travelled a certain length, stops approm 
mately an the region of the nest, and ot 1s level? 
Kinesthess would explam equally the paralel 
return and the halt at the mest. 

‘The hypothess, as 2 matter of fact, 15 founded 
ot actual observation and 00 experiment. The 
‘observation deals with the parallelson of the return 
journey am relabon to the outward one, @ parallel- 
tum which i sufciently rigaros 05 the whl, even 
for abostaighted sposes such as Messor. To tht 
estabhahed fact 1s added the claaucal expenmest 
of Patron“, Suppose a Mesior berbaras i going 
towards its nest at a slow pace. Sefore tt (g- 20) 
Jet us place a plete of paper covered with earth ; 
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nce the Mesow bes eabetked on thit movable 

Platiorm tet ‘displace ic lterlly axvora! conti. 

Toetren, The Rlaoor continecs ite jouraey, end, 

‘wha i bas covered «die 

i ee ae 

which seperated it froma the 

pet ae te moment of 

tated daplacement stop, 

cnaaiietng ot tie & cat 

‘tan besitation Similarly, 

XC we tnumapert the mov" 

able platform beyond the 

newt, m asymmetrical posi- 

too, the Mats proteeds 

further away from the oes, 

and Daltt at exrepood 

ing distance to that which 

tegaeated st from the en- 

tance at the ‘mument of 
removal 

Tt wonld seem that the 

conditions ofthe experiment 

exclude ollactory apd tac 

‘a cae, since the ant. finds 

Pe tf on new ground, bat 

Ehiecrinet ews they do oct ueeemanly ex- 

Gitees thee chade vanal nen The ex 

sere) penment does not always 

snceeed with ants which move rapidly and have 

good ght, Formex onsres for instance With 
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them, transporting occasions 2 violent agitation. 
Nevertheles, it it proved that washing the gromd 
tnd the isterpositlon of obstacles fell to tare these 
same ants fom the track, a fact which forbids the 
suggestion of smell or touch. Amputation of the 
antenne and varnishing of the eyes, however, cans: 
immobility, 2 result which cannot be entirely 
neplected. 

‘The positive result of Piron’s expeciment never: 
theleas remains, It has received eanfirmation from 
Cometa™, with this additional information that 
the progress is slower, more hesitating and more 
winding after transport. Santschi, albo, bus ob- 
served similar facts, end he too admits the existence 
in ants of an “estimation of distance. He bas, 
however, mot always obtainsd concordant results, 
In cartain instances, the transported ant alte after 
having gooe half the distance it would sormally 
Ihave traveled According to Santschi, it is not a 
question of a memory far attitude, since the return 
is carried out often with a burden which involves dill. 
erent attitudes from those involved on an onencum- 
‘vered joumey. He admits, thoagh, that previous reterns 
leave a memory of elfort accomplished and of distance 
covered is knows ferntory To mascolar efit are 
‘then added ones of ancther order Tn addition the 
experiment of lateral or symmetrical tranxportation 
does not sscosed with lind ants; esther does it 
succeed with these exdowed with sight when the 
use of light cues is impossible. Brun further proves 
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that the experiment fails when the transportation 
places tbe ants on drssinalarserntory. 

From this mass of experimental data it emerges 
clearly that Kinzsthesss does mot under the eircsm- 
stazoes play the predominant réle In all proba 
bitty, for the ants, ax for fying Hymenoptern, 
lonestheas i established secondarily in the course 
of several journeys beck and forth ; st is a process of 





VSScss =} 


23 techs range fr th ary of 1 ee 
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ubattution and not a process of immetiate rogue 
tration of ues The question as certainly mare 
complex ; other cues come Into play. 

‘The wiluence of ight cues was long ago invoked 
by Lubbock, who brought tt inte evidence by means 
of two acca of experiments The frst comurted 
im makng use of « movable board on which some 
ants (Lasius meger}, were induced to walk about. 
‘On the board a tannal was arranged (Bg 21,9), under 
‘winch the insects paused: two rows of wooden bocks 
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Tine « path at the end of which food was placed 
(@) Once the way was ksown, the amangement 
‘was altered, the board retaining the same direction 
(fg 22}, The ants no longer went under the tonse!, 
nor between the double row of blocks, but pursued 
the same duection aa before relative to the board. 
Repeated several times under diverse forms, notably 
after ramaval of the tunnel (Gg. 23, 24), the exper- 





ng mo 4, 1 deeton flowed by the om when te 
seg Lad da te mr 


ment gave the same result. The displacement of 
material cues did not modify the course of the ants ; 
they went always to the sume pomt ox the board, 
Tt was not then the inmedsttaly escroundlag objecte, 
the tunnel and blocks—objects on a stale with the 
antt—which guided them. But st may beve been 
an olfactory trail, for the insects constantly passed 
over the mame road. In order to test this last 
nypothesis it was sufficient to move the board, when 
St was proved thet the acts still took the same 


98 ROW ANIMALS FIND THEIR WAY ABOUT 
irection, entering on a path thet they bad sot 
Teitherto followed. 

“The second series ol experiments cari with it 
2 swoch greater precision. Lubbock used a die 
composed of two concentric rings, cach twming 
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independently around an equally movable central 
disc (toe fig 1, p. 54), and placed it beside an ant- 
‘nest ; he deposited a repest ut B, in suck a way that 
the ants were induced to come end go following 
‘the Line AB. Whilt an ont going towards 4 was 
between E and D, the sing ED wax turned through 
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wot; the insect performed a rotation of equal 
‘value in the reverse direction ; then it resumed its 
journey towards A. What factors determined this 
rotation? Did the tral marked out come into play, 
for the correction of the angle described ? 

‘Let us tecommesce the experiment, covering the 
arrangement with = bex, simply pierced on tap by 
‘ hole which permits observation of the ants, We 
eatablish the fact that 19 out of 30 lodividuals do 
ot rectify the rotation effected whilst they are 
under the box ; they oostunue on their way, returning 
thas towards the point of depertare, The sntro- 
Guction of the box mnto the arrangement of the 
experiment plays, them, an important part Mani- 
feetly, the odorous trail does oot enffice to lead the 
fant back in the nght direction, and one cannot really 
peak of the angle described, 

Lubbock then formalated the hypothesis that 
the light guides the ants Te consequence, be added 
‘two candles to the arrangement. If, under these 
conditions, he turned the ring on whith the ants 
Ihuppened to be, while toring, the candies in the 
same direction, the insects didnot compensate fur 
the angle described. bot coatinued their joumey 
in the reverse direction; but if he turned the ring 
without moving the cindles, the insects recited 
the direction, setting out 000s more towards the 
same point. Fisally, if be moved the candles while 
leaving the apparatus entirely stationary, Give ants 
cut of seven seat the wrong way. 
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From these exporients the part played by lurxpous 
even appears clear enough. Howcver, as they were 
performed only with « sungle species, they are nat 
saficient. 

Viehmeyee has confirmed them by study of 
another epecies, Leplothorax wnifasiahus, Some 
individuals of tha species bad estabbsbed ther cost 
in a glass jar placed ear a wiadow. The nest at 
first ceeupind central pombon The ants next 
ceablised another on the side away from the 
window. While they were going from one to the 
other, changing the quarters of ther larve, the jar 
‘was rotated through go"; the ants, confused, followed 
2 direction which led them away from the window, 
and hetped ther larve in a put of the jar where 
‘there was cothing. Were they repulsed by the light, 
and not merely guided by it? To vette this point, 
‘Voehmayer installed a light on the opposite side tram 
the second nest, ond placed food beside it Once 
the habit was formed. he moved the light without 
touching the food, and proved that the ante modi- 
fied their direction by following the dtsplacerent 
of the light 

Working with 42 species, Tarner arsived at oon- 
eotdant rewlts Above am artificial nest, he arranged 
1 platiorm connected with the mest by two strips 
of cardboard ; ete one of these he installed on 
cleetric light. On the platform be laced a handfal 
fof ants and enooons ; the ants soon discovered the 
stnp of cardboard next to the lamp; they came 
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and went along tt, carrying the cocoons to the nest 
‘The lamp was then moved: the ants, dusturbed, 
took to the other stnp. The movements of the 





inweets were thus connected with the postions of 
‘the electric lamp 
‘The phenomenon appears to be sufficiently general 
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Wt is however conmscted with laboratory expert- 
ments, and it may be asked if they hava any equivalent 
in nature, The iden that the mun might guide ants 
which move about in broad daylight should be 
entertained. But how can this be put to the test? 
Santachi"' performed, ix this connection, the 
crucial experiment. Utilizing ants (various Mexsor 
end Myrmacocystus) which were retuming 0 the 
eat, be interposed a screen berween them and 
‘the on, and then displaced the solar light aym- 
metrically by means of a curror (ig. 25). Under 
‘hese conditions, che ants wheeled through 180°, 
and went in the opposite directoon ; they resumed 
their original direction ex soon as the mirror was 
removed. In a genera) way, the deviation was pro- 
Portioaal to tbat of the Ught cays; but it wan Less 
‘marked as the ant, approaching the nest, picked up 
cenllactive oderous trae. These trail abtotbed the 
Jaseets, over which thenceforth the infence of the 
light wax exercised with more feeble intensity. 

Other distorting méuences enter moreover into 
play, uotably a very strong wind. In addition, the 
sun hardly ever acts singly, large well-aghted 
neighbouring objects serve equally es cues. The 
following experiment gives a precise example of 
this fact. A Mersor barbers is proceeding towarde 
ita nest ; in front St has the son, to sts right a row 
of eheaves for a distance of ten metres (fg. 26). Ween 
placed om the Jatt, the mirror provokes a deviation 
‘of only short duration and sight width, « matter 
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of centimetres, whan the ant renames it 
course without further deviation, in opite of the 
continued action of the mirror. When placed, on 
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the contrary, between the row of sheaves and the 
fast, the mivor occasions a marked and lasting 
deviation. Evidently the row of sheaves, vivdly 
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lighted, serves concurrently with the sun asa guile 
to the Mrssor The sun's mfuence, however, sexs 
undoubted. It can thus be very well explained how 
Atm that ants following « collective tra contunue 
on ther way alter destruction of the latter In 
addon to the olfsctary ove which guides them, 
‘they register a luminous cue, which comes mto play 
when the former fais. Isolated amis receive ol 
factory cues only im the mnedte negnbourtood 
of the nest; sual cues direct them unng. ther 
return journey. 

‘The tntensity of diaminaten, fanbermore, should 
enter into the reckong Even when Siterng through 
clouds or trees, the sun would perform the office af 
de by the emple ellect of usequal radsnce, Tt 
affces for the dizectios of the rays not to be pet- 
Pendicuar. If the gun x at the vemth, it obvionsly 
‘Gives wo ditection to an ant wovmg along a hotieoatal 
plane. 

By way of coanter-expertent, Santschi demon- 
strated that ants with dayhgbt habsts are completely 
dworented when the lst 3s suppressed. An ant 
‘going towards its nest was covered very geatly by a 
bas measuring 42 cenumetres in diameter and 
5 centimetres in beght, perforated at the base by 
a5 opening of 4 centimetres. Confnses, ths ast 
‘tamed in & circle on itvell, Grasting by attaining the 
edge of the basta, then by geting cut ; once oxt- 
side, xt contmued its dizection, Doss the confusion 
sewult simply from the action of the basm in serving 
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45 cloned vessel, ox from all the other canes due to 
the presence of the basin? But x the ant is covered 
woth 2 belhjet, 10 disturbance 36 provoked , under 
‘ths, it permsts ints dizection. 

‘An objection nevertheless suggests stself. The 
elative postion of the sum changes, and im such & 
‘way that the ants could be led sn the opposite direction, 
from thexr course Now, observation shows thet 
many ants such as Polyergus go out at fixed tea, 
‘end their absence lasts a comparatively abort period, 
#0 that the relative postions of the wun on departure 
land retora are not enentally diferent, Devatlons, 
furthermore, are not at all care, and one may count 
4 number of strayed individuals. Bran's experiment, 
reported above, shows exactly how the change 1 
poation of the sun induces a change of direction 
{tee 6g. 23, B. $9) 


‘Tt can then be held as certain that the sum serves 
an « gude to azts coving about an fall dayhyht. 
‘But there are some which, even though posmassed of 
tyes go ost only im the evenng, What then are 
their eves? Santachs of the opince that they 
ace luminoas ence, the taoon or the stra, ot that 
cbveure raduatioes are percered, He basta. thete 
hypotheses on the (ang expermetal data: 

’A. Myrncroryaes beter was returning. towards 
sts nest a6 pam, “afer the sum had set, carrying 
booty, 15 metres from the eet the anteanm were 
cut of. The dropped booty was mot recovered the 
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{naect wandered aboot, faally departing towaris the 
nest, walking straight ahead in spite of the darknen.” 
Several analogoss experiments give the same 
remit. 1s, by way of oounterexperment, the eyes 
are varnished while leaving the antenne intact, 
‘itis found that there is 2 lengthy wandering, much 
moce prokmged than if the anteme are cut and 
the eyes lft (roe ; and ifthe antenns of these blinded 
fants are cut off, there is occasioned either immobility 
‘or rotation in one place. 

‘The rl of sight thea seems berdly to be dusputed. 
Neverthalos, one camact assume m tht case the 
hypothesis of obscure radiations or of aidereal cues. 
‘Without calling oa suck an hypothesis, it 1 sufticsot 
to stato that ight dors not exclade the pombility 
‘of objects ax visaal cues, « fact brought into evidence 
bby Santachl for ante moving about during the day. 
‘Whether it is a question of draral or cocturoal 
fants, it amust be asked how these eves are utilized, 
‘The facta already known permit us to estimate 
this to a certain extent. 

Cormete, for example, captured a Myrmesteysine 
‘on the confines of the nest, and transported ft to 
D (fq. 27). As soon as it was oa the ground, the 
‘cnt started off, walking with rapidity, and describing 
‘varions loops. Suddenly, at C, it took the direc- 
‘tos of the nest, proceeding in a straight line, it 
‘wat captured atreah at P,, ut the momect of arrival 
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dunard, desenbing sigeags away from the nest, 
then, arrived at C, torsed suddenly about and 
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advacced towards the mest. The experiment was 
Perfaroed a second tine; eaptored at Py and mt 
down at J, on the path it had just been traversing, 
‘the ant moved away from the nest making a wide 
reuit and, baving arrived at (,, took the stright 
line towards the nest, Captured a third time, at 
Py, and released at F, of the line i was following, 
it moved on without Sed direction until the moment 
‘when, arrived at Cy, it set out plainly in the direction, 
of the next, 

‘Thos all occurs us though the ant registered varions 
‘cues is the tepton inhabited by xt These "known 
places” are naturally mach more numerous as the 
‘est in more nearly approached Cornets. thinks 
hat they constitute so many solaled cues, which 
are uwsociated with the previously taken direction. 
‘The sum of acquired facts, for the ants as well as for 
‘the flying Hymenoptera, calls rather for another 
Interpretation. 

‘Though it w probable tbat an ant, actively moving 
from one place to anotber, repsters a certain direction, 
this is « relation registered ic. regard to a certain 
cue; it will with dificulty be accepted thet the 
Grecton exists iodependeatly, and that an ant 
transported separately retaics this dxection. Ip all 
probability, the cuss are cot thus registered in 
‘isolation Bot in relation to ome another and to 
‘the nest! as they are consecutively connected in 2 
‘cettin tanner, entounter with one of them sofibes 
to ewke the succeeding ones. 
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‘Such ia, moreover, the opusion of Brum. Hs observed, 
‘that ants captured at the nest and carted no matter 
vwbere, often knew where they were immediately; 
others at first turned aboot and sometimes exded by 
nding themselves. ‘They behave, then, in opposite 
ways under similer circumsrasces where, having 
imdergone pasive transport, they bave been vaable 
to register the least direction This observation 
suffices to elminate the hypotbesis of the regutratioa 
ofa pure direction”. Extemal cues aloue intervene, 

Putting on one side the sun, whose indubltable 
Ole is nevertheless uot exclusive, what then are 
‘these cues? An experiment of Santschi, previously 
‘reported (page 2), leads vs to think that the ants 
register the image, not of small objects on their ow 
teale, bot of large oves, such as x row of sheaves, 
‘Thin observation finds confirmation in a secies of 
others by the saee author. 

‘A Massor tarbarur inbabited 2 vest two metres 
to the south of o large wall; transported parallel 
to the wall, in a southerly direction, it masufested 
po confusion in orientation. But if carried ten 
metres from thee to the north of another wal, it 
‘was ducnented end often lot. The fist wall played 
thes, very probably, the part of = fixed and constant 
‘A nest of Componoras maculatus was situated at 
the foot of a dete-paim. If sume individuals were 
‘artied two of three metres away from the palm, 
‘they returned always without hesitation ; but they 
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showed momactary disorientation on descending to 
‘the bottom of a furrow, which decidedly hid the 

‘tree from view. 
Santachi, furthermore, established that the rirror 
enperiment succesded indifferently, 2s an the cate of 
‘the sheaves, when performed in a 


couryard or neat 2 wall, 
To these facts Brun adds others 

0 lew significant. Two columns, A 

and B, of ats (Formica rufa) yro- 

eeeded parallel for w distance of 4 

metres (ig 28). Aa aniividaal 

‘camed frum A to B tured (mame 


ately towards A and resumed ite 
‘ociginal orieatation, Now one 18 un 
ric btrae. 124 (0 invoke bere the kinesthetic 

Jet aah nem see, since the ant bad been carried, 
eee * noe smell, snce the two columns 

Velooged to the seme formicary : 
nor lighting, whch was the same ; nor any unknown 
feate whateves, siace the direction dd nat change ; 
‘ne is forced then to admat distant visual ener which 
iflered for each of the two columns by reason of 
‘the distance separating them. 

‘The same conclusion emerges tram experiments 
‘which consisted ix directing the course of an. ant, 
Provoking what Brun cals a forcad journsy (marche 
forcks), With @ steaw or the finger, Brun chaned 
‘an ant from the nest, and obliged it to follow a 
‘certain path. When the path was simple, comprsing 
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1 engl direction for « lgth of fram 5 to x0 metres, 
‘the ant, us soon as at was set tree, started back 
‘towards sis nest in the most dere fine. Uf the path 
‘was rectangular, for a leogth of 37 metres oa two 
rections, the retam was promptly effected hy the 
Ihypotenuse ; the pomt to which 
1 was Ted by forend progress was, 
oteover, not known to the ant, 
since, if transported there pas: 
tively st did not rend its way. 

‘Does the ant repster an 
tmaage of the " polygon” de- 
teced and of the compensation 
to be effected? This would be 
to ascribe to the insect the 
capacity to solve an and problems 
of planimetry, and one sbonld 
think rather of visual reonen- 
tation by some large object 

‘By varying the experiment on 
forced progresion more Prete 
information is obtarned on this 
point. Let us obligean ant to follow an angular track, 
34 metres Joog, on which there m a tree at A (fig. 0): 
48 soon as the ant is relmsed, at turns back; but 
stead of taking the hypotenuse at in the preceding 
fase, st fost follows « retura track parallel to the 
outward one as far ab the pant A. Amved there 
it abandons the direction of the outward path, 303, 
cutting the abortet way. takes the hypotenuse. Thete 
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is uo doubt here that the tree is a landmark 
Aednitely associated with the postion of the nest 

By way of cootrel, Beon provoked forced pro 

gression in ants blinded by vars, or in shut 

ighted date Liberated, 
the frm did not re 
tur ; an for the second 
(Lares soger, Myrmica 
Aewowods) ther retorns 
were Incking in pre: 
sion, baving « lateral 
placement reaching, 
1p to 30° forreculmear 
‘outward journeys; for 
‘angular paths, the re 
‘tam, at fest agonal, 
veoded to become 
parallel; st tetmenated 
mm excentne tuming 

Lasint niger, howe 
ye possess about £80 
facets, arived at length ; Myrmice lavivadit (205 
‘to 115 facets} tmoed wdefnitely. 

H, for ants with ecall eyes, large objects 60 not 
play a past of the fst order in the conditions ot 
‘the experiment, they are extental for ants poascanng 
‘walldeveloped eyes. Cues of another order enter 
in ako, notably the lope af the groond. Brun shows 
‘this by the following experiment fected with 
Formca rafe, woes seate of amall is very reduced 
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‘The nest was arranged on a table, at the contre of 
‘which oras some haney ; the table was then inclined 
20° towards the nest. While the ante were at the 
hhoney, the inchnation was reversed, m such a way 
that the nest was at the top of the slope; on Jeaving 
the honey the ants displayed a slight husitation, 
thea descended in the opponte direction from the 
pest. 


‘Thas, as for 08 the ents are concerned, onestation 
in effcted by means of w complex of smltiple elements, 
some or others predominating according to cxouss- 
stances Oilactory cues predominate for individuals 
Proceeding 1a columns, but visual cues intervene 
‘when the trail happens to be accidentally destroyed. 
‘As for isolated ante, they follow smultaneously 
‘vaual cues of various kinds—light and large objects 
—closly amoriated, and connected in addition 
sith features of the ground, notably with the slope. 
Every cue & associated with all the others, but also 
‘with the topographical postion of the mest, so that 
an the absence of any one among them, the others 
onstitute w suficent guide. These cues, however, 
are not linked in the memory of the ant in such a 
‘vay that it ueed be obhged to pass from ont to the 
other. For the ant, the road is oot lined with « 
series of successive steps, s0 closely bound togetber 
that ore evokes necessarily and exdnsively the 
next As in the case of the fying Hymenoptere, 
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all takes place es Hf the ent registered a whale, in 
‘complete relation with the positum of the nest, and 
registered in such a way that it is able on retorn 
‘to owplect xigmgs and take the shortest route, In 
the tong run, the returs peshaps becomes a matter 
of lanssthenis and appreciation of distance, at least 
from a determined point, and at a gives distance 
from the meat. 

‘Without 1 doubt, in all cases, the ordinary sensory 
ves are the sole factors entering into account The 
‘explanation of the setura to the nest in 90 way lead 
Ws to assume the existence of any usknown sonte, 
Which would merit the name of sense of orientation. 
Expermeatation ves evidence sclely of a specal 
proves such thet the insect takes the reverse, inde- 
endently af visual, olsctory or tacble cues, of the 
urection followed on the outward journey. Certanly 
i indeed seems as though it acteally regutered 2 
“ dizection, but it reguters it, according to all 
probabibty, by reference to the object on which, or 
befire whch, it finds stsef. This registration, roore- 
‘over, does not seems peculiar to nest-building and 
social insects. 


CHAPTER IV 
‘ORIENTATION UW OTHRE INVEBTERRATES 


PT RUSE conclusions, common for symng and 
‘walking amsects, extend equally to all In 
vertebrates on which expermentation bas bon 
poate. 
items, 


‘The termites, notably Ewtermes moncceret, studled 
from thus poist of view by Bugaton , behave 
luke ants proceeding in a cclimn Abtotntaly biind, 
these msects duplay an actrnty whch w partly 
roctuena) and partly durmal, they come out at 
‘ght and return in the morning They move about 
in regular ranks, every individoal leaving a blackath 
trail; the troop follows always the same path, If 
‘thus is swept, the termstes are completely disoriented 
fan indubitable olfactory cue seems to play the sole 
veri. 


2—MouLUSes 


Vanous moiiuses have formed the subject of 

ruficently detaled studies The kmpets, matioe 

Gastropods which ve singly, occupy a spriad 
= 
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fits on the socks ; they leave this at tins, go and 
‘browse on the neighbouring alge, and then retum to 
their point of departure. This is exactly localized. 
Tt is a depeesnon, very little marked on hard rock, 
but very vinble and constituting a veritable neat 
fn rocks of soft substance. The coutours of the 
Aepreacion are closely adjusted to those of the shell 
‘The adjustment caalts froe: the fact that the mola 
Ihallows out the rock by scraping with ste radula, 
fand that the edge of the shell, ax it grows, moulds 
‘tel on the contours of this depresion, Should 
the edges of the sbell become broken, they regenerate 
rapidly, always followng the contour of the “ nest ", 
1 consequence, not oxly does the limpet possess a 
fixed site, whnch it returns to re-occupy when it has 
bee away, but it always takes the same relative 
‘Puition oo this site 

Limpets move abroad penodically, and they 
displacements are of an alimentary order, This fact, 
‘establuhed by Anstotl, and confirmed by Réauavur, 
Is often bem venfed ance. Tbe displacement 19 
often effected am dry land, at low tide, and according 
to the statements of Lloyd Morgan, Davia», 
and Pidron, it cap reach a length of go cents- 
‘metres ; but itis alo cared out under water at gh 
‘ade {Jefireys *, Germs, Willcox, Pidron), 
Everything depends on the prevailing conditions, 
and notably on conditions of ramdity, the Iumpets 
move about st Jow tide only in suffcently bumid 





ORIENTATION IN INVERTEBRATES 97 


‘The fact of displacement under the water at bigh 
‘de is worthy of emphans. It destroys, tn fact, 
the utilitarian explanation sametines given to 
accouct for the exstence of a nest. According to 
this interpretation the acst would, by meane of its 
contours adjusted to those of the shell, permut the 
rll to adhere very strongly to its substratum, 
and to rest violest shocks of the waves. 1 such 
‘were the ease, the mellasc ooght mat to leave its 
nest at Iugh tude, nce it is precisely when it is 
‘moving about that it would run the ruc of being 
dislodged Irom ste shell and tossed aboot Bot it 
is known that the Lmpets adbere very firmly to 
‘their substratum and all the more firmly when they 
‘undergo shocks — The musculature of their foot 
ssufices to ensure this, without the oscemity for 
‘the edge of the shell to coincide with the contours 
‘of 2 rock depression. This czcumatance renders 
Problematic the utibty of tbe nest for the limpet, 
‘and givesa very general signiicance to the phenomenon 
of orientation. 

However it may be the “ nest exists; the limpets 
leave and retam to it; they retarn constantly, and 
each time readjust themselves to the contours of 
‘the depression. The fact was observed by Lukis 
as far back as 1831, and has mnce been seea again by 
Havishaw (1878). Ainsworth Dav, Lloyd Morgan 
nd Pidron The path of retum 15 wlentical with 
‘that of the ostward yourney; when the mallusc 
ceases feeding. it veers round 180” in relation to the 
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rection of the outward journey and starts off 
again, whilet its tentacles beat constantly os if they 
‘were exploring the route. 

Olfaction cannot be advanced as a cause: the 
contting of the tentacles and the washing of the track 
cficcted by Davia nather hindered mar confused 
the ratum. On the contrary, the expenments of 
‘Piéron being out the réle of touch An cbetacle on 
the path of return determines Gist of alla halt, then 
Veogthy waverngs to right and to left, and when 
the Umpets finally pass it is at the end of one oF 
several hours By scraping the path over a certain 
Jength there is provoked seoularly a halt and pro- 
longed waverings ; the cronung of the altered space 
‘takes place only after a very long time 

‘The modification of the ground sutices then to 
Aisorient the molloxs, end svc modification can 
only aflect tactile cues However, no special st 
print is noticed ; and one must particularly reject 
the hypothesis that the mollote traces a path on 
the outward journey by means of its radula, and 
fotiows it on return What the molluse reguters 
fare rather the various features of the surlace over 
hich 1 moves, 

‘These caine cues, moreover, seem to come into 
play when the animal, having regained ts nest, 
‘ite the contours of its sbell into those of its ste, 
Af the fitting exacted. for its carryingout, that 
the parts adjusting themselves should both be intact, 
ur would have to admit « strictly mechanical 
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process. Bat it i In mo wise the caso; the limpete 
resume their place exactly, and orientate them 
selves io Identical fashion, even Uf the edges of the 
shell, mote or lesa broken, no longer oalaride with 
the interior contoura of the nest, provided the latter 
remain intact. 

Tf they are not antact, what sppens? It all 
depends on the part whch is modified. If the eir- 
comference only is afected, so that fitting of the 
shell is no longer pomible, the Inmpets mone the Jeo 
‘take their exact postion The pesition a8 sirailrly 
‘takes if the deformatian afects half the site, the 
other half remaining unaltered, or af, the circus 
ference not having been touched, the autre is 
demolished. Bnely, the position at always resumed 
‘when the ate is partally intact, Whex it 1s entirely 
altered the lumpets balt, epprommately at the place 
‘eir nest formerly cccupred ; but they do not rerusne 
‘their habitual position 
Tactile cues recognised pechaps by the pallial 
tentacles, or by the sole of the foot, cam dhen hardly 
be doubted. Nevertheless, since the Himpets find 
‘thewe nest site, at least approximately, even when 
ths site is entirely confused, cues of another order 
necessarily eater into play In effect, observation 
shows that the lampets regster, besides the images 
closely canfined to the path traversed, other images 
Dearing on the immediate or nearly unmediate 
surroundings of the nest. If, for exemple, several 
individuals are cared a dstance from the nest, 
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‘varying betwoes 4 and oo cestretren, and in divers 

rections, some of tha regain the nest site and the 

uumber of these seems proportional to the distance. 
Tons: 

Ontot 6 ump ved «cen amey, 3 enna te mat, 





results very comparable with hose which are ob- 
tained for the Hyznenoptera. OF ome, at in posible 
‘hat the images repstered may be tactile images, 
‘Fnrther, at a limpet cannot brome indefiitely on 
the mame Alge, it Jeams perforce to know from 9 
tactile pont of view the surroundings of its nest 
‘within « certain radios, 

Neverthelew, it apparently also registers visual 
images, The following experiment formiber an 
indication of this. Whilst « limpet ws aoving about 
00 an entirely smovth schist boulder, the totter is 
tamed through 180°; the asimal halts ixsmeduately, 
remains motionless for two misotes, then makes 4 
Iuaf-turs, end resumes its instil divection. Re- 
commenced & setond time, the expermment ¢ived the 
same revolt. 

‘The slope of the ground also exercises én Snfivente, 
in the case of the ants. If, wbist a limpet is 
descending « schist bonider, the iacination is reversed 
‘by turning it 180" om sts horizontal exis, the mollusc 
inal, then turns round and resumes the movement 
cof desceat. This inloesce i exercised very strongly, 
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and dominates that of the light, Thos it huppeas 
that © Limpet descending 2 slope inclined 25° to 
the horizontal, with the sua bebind, halts when the 
inclination is reversed, then waves a itl, and finally 
‘turas round and resumes its direction. 

“Tactile cues of course predominate incantestably 
in the timpeta! return to the nest. And this in in 
keeping with the mode of organization of the animal, 
Which effects close relations with its substratum 
‘ty means of ite pallia) tentacles and the scle of ite 
foot 





3 —VaMOes oT woLLOSes 


Otner molluscs, the Calypiren studied by Pid, 
the Sephonara (Siphnaria alienate} and the 
Fitsuralla (Fvssurdla Barbadenis) stued by Willsox, 
the Helcion (Heleton peiweidvon) studied by Piéron, 
Dave also a fixed nest tite from which they rove at 
intervals, and which they re-God probably by the 
sid of tactile exes, 

Similarly, the Chvion studied by Crasier “* Jenves 
its nest, sometimes going to a distance of one and a, 
‘ball metres. It seems to be guided by the light; inany 
‘case its retur is, in some measare, connected with the 
distance. If transported beyond about one and a half 
‘metres, it does not return, bot adopts a new home. 











Thus, all the Invertebrates which have a “nest, 
sand which leave it, otilize sensory cues comparable 
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‘with one another. According to the species and 
‘he conditions, these curs are visual, olfactory, 
tactile, baresthetic or Kinasthetic, but all are of a 
sensory order. Taey correspond to the registration 
of images taken from the external world, and erist- 
ng within the domain of man’s apprehension, 
[Nothing leads ws to suppose that anyone whatever 
of theme Tavertbeates makes use of imagen core: 
sponding to 0 sense-oegan pecallar to it alone, and 
to stimuli to which it slone can be sensitive. 

Tt now remain to examne how the Vertebrate, 
Debave in this respect, 


CHAPTER V 


‘ORIENTATION 16 THE VERTERSATES 


PARADOXICAL ss 2 may stem a4 far ax 
‘the Vertubrates are concemed, we pomeas 
for fewer ware data than for the Invertebraten, 
Experimental research eacounters vanous dubculties, 
fond has hardly beea purvued in a really syetersatic 
fashion. Too often, the assmtions made on the 
retum of Vertebrates to the nest, proceed from 
obvervations made without ngorous control, inter 
Preted by the help of preconceived opmions, of of 


‘erults obtained by research on the Invertebrates 
\ Tem eurmncart to sate Sar, aon te shaw the der 
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Certamniy itis not a question of drawing cooclusions 
‘rom one to the ether; too considerable a distance 
seperates them. Nevertheless, no difference in kind 
exists between them, and the fosdamental resem- 
lances which connect the wervour sywtems of the 
‘varions asimals permit, xt least, comparisous which, 
say be suggestive 

‘At the outset, a distinction must be made In 
many Vertebrates the phenomenon of migrahon 
2s observed, and it in cecessary to avord confusing 
‘thus with omeniston The confuwon as quite often 
‘ude, and various observers have attempted to 
“explain” the eccod phenomenon by the fit, 
Tue explanation consists in saying that migration 
depends on an “hereditary topographueal memory ” 
of which orientation would be a reuduum, That 
igentions mvolve an hereditary memory, xt 16 
asmed to deconstrate by the following observa- 
Gong, taken (rom Gaethe “ I 328 species of magra- 
tory birds observed, xt was found that the young 
left the region in which they were born six to aght 
weeks fore the parents, and directed themselves 
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‘What is migration ? It 1s a pene duplacement, 
seasonal or otherwse, under the incontestable influence 
of stimulator from the surroundings—temperature, 
illasunabos, hygrometric state, ete —and may be 
a function or not of phypolopeal states Theve 
ftlimuh affect the young equally with the patents, 
pechaps with even greater mtensity, Jn consequence, 
the young behave as the parets do, and in- 
dependently of them Furthermore, since they set 
fut trom the same region as that from which the 
parents will later set out, all the chavoes are an 
favour of ther amving at tbe same destination, of 
an sts newibourhood As for the parents, not only 
are thay subject to the mune stouls, but to addition 
they have regntered Ioeal cum, so much #0 that, 
‘brought back to a given region, they retum often 
dnd very exactly to the same spot It a from the 
moment that the birds approach & known region 
‘that migration and onentation comade, or rather 
that orientation as substituted for migration, Up 
4 then the phenomenon comusts Jews in seturming 
to a point of depacture than so leaving « region 
ecmae uniahabttable. Migration and orientation 
‘aman entirely dutnet. 





11H caMMTES PiceoX 


‘The camer pigeon bas farmed the subject of the 
majority of pabbeations treating of oriantabon in 
‘he Vertebrates. To tall the truth, these publicetions 


xo5 HOW ANIMALS FIND THEIR WAY ABOUT 


contain for the mat part data mainly gathered 
without method and dificult to utilize. And af the 
remainder are lau eabject to tbe need for canton 
‘very few furnish complete resus, 

‘AIL these very disparate data group themaelvas 
‘around two principal facts: 

(e) The pigeoa regu the cote even when trans 
ported to a great distance, 

() It regains the cote eves if it bas never 
accomplished the outward journey by its eva efforts. 


To account for these facts authors are separated 
according to four prinmpal teodencies 

‘The pagecm 2s considered to onentateatsel! by reaton 
‘of a sungmetic or electro-magnetic sexsibility ; 

Tt takes om the return the reverse of the outward 
sourney ; 

Tt potienses a specal senso entirely smi geeens; 

Tt utilizes vedunary secsory cuts, 


4.—The hypotheses 
‘A fast hypothesis, the existence of a magnetic 
sows, formulated pomanly by Viguier, bas been 
developed by Thantits, notably in 1909". It 
attracts a considerable amber of pigeon fanciers, 
‘Thausits rejects the idea that the pigeon might 
conserve the memory of places, and be guided by 
‘vanal cue He bases bis denial on various com 
siderations. 
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1, be says, the pigeon made use of such cues, it 
‘ould see them only by rising very hagh af the moment 
of release, and ali the higher in proportion as the goal to 
bereached is further away. Sometimesit would need to 
rise toa height of several klometzes Now, the pigeon 
mounts, on & maximum, to a beight of $00 metres. 

In the second piace, when the apprenticesiup 
begins, and when for the first time the pageon is 
released 2 or 3 lalometres away from the cote, st 
‘ies and turns for socse time, for ftom § to 1§ minates, 
as if it did not see the nearby cote, and very often 
it departs ia the wrong direction. The “ hesitation 
umimabes at the second release, eficted 3 or 4 
idlometres further away. It hardly exists farther 
at the Sfth release, at x dutance of about 40 kil- 
reties. The pigeoa can then be tent to a distance 
ff 100 lalometres, then to ago; it can finally be 
released in various éicections : at roturas in a etrnight 
Tine. If at has served its appresticenhip to the north 
of the cote, it returns even if transported to the 
south, and mee versa. Sight, concludes Thaurite, 
hardly enters into all this, and it is necessary to 
thnk of some other factor. The authoc supposes 
‘that the pigeon directs staat by means of electro. 
magestic curents. Ths amounte to saymg, and 
such is the author's opinion, that the pigeon as a 
bird eminently sensitive to fluences of this order. 

De any indications exst in support of this 
Inypothesis? To tell the truth, the indications are 
reduced to vague assumptions. The influence of & 
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one af storms or fog is said to be exercised at 2 
reat distance—fo, x00 or 200 Kilometres-and 
to disturb the pigeons even af at the point of 
liberation the sky is clear Thus, some well- 
trained pigeons, released at Orleans an fine weather 
with a ght soatherly wind, found ther way badly 
They should have retumed at mid-day; xt only 
eturped before might, and the rest the next day 
Te seen that a similar expencence was had wath all 
releases made the same day. Now, on that particular 
day, an abnormal electnc mtuation was noticed, 
with magnene storms oo the Pic dy Mads, that as 
to say, 11000 Kilometres away. I addition, every 
stmorphene dhtturbanos mapprecable except by 
very semsitive apparatay 3s camed to disturb the 
pigeon, which 1 sax to take much more time, even 
‘to the extent of double the time, to retarn. 

Fresh assumptions result from observatons of 
aother mature, the onetaton of the pigeon it 
said 10 be more prompt ia the morning than in the 
afternoon , it i aud to be difficult when the release 
rnluadas with a change of the moon; finally « 
lgwon left at rest for five ox six mocthe, then re- 
eased at a great distance, eather does not return 
‘or returns slowly, even in a Known region. 

‘All these accumulated comectores hardly ead 
40 certitude. Even supposing that the enumerated 
inftvenses act oc the pigwom, nothing indscate that 
‘hey serve as cats, or that the stated duturbences 
Proceed from an action exercised direcly on 
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crientation. Moreover, Maurain , taking up o8 6 
pare physinst, and without prejudice the bypothesis 
of magnetiom, shows its extrem: weakoos, First 
of all bo remarks that magzetic stonms are furly 
localized, and that the pigeons could not be aflectod 
‘by them, uoless possessed of an extreme bypa- 
censihility. Now, the constituent substances of 
linag calter are but bitle sensitive to infvences 
‘of thus order, the magnetic Sed of strong electro- 
‘magnets having no more action on the Vertebrates 
thin o the Protosoa In addition, in large towns, 
nd at tines also in the country, the tercestrial 
‘magnetic field is duturbed by the electro-magnetc 
influences emitted by the electnc cables, the pagoons 
barily appear disonentad. 

[Nor is this al. Ifthe pegean possessed a” magnetic 
ease” it woald orientate ite 1m function of the 
magnetic dechzation, Awoweng the spot at whlch 
it finds itself. Thas 1s 2 dificult calesiation ; and 
smh is bused precisely on the ignarance i which 
the pigeon 18 said to be of the places where it is 
released. Could the pigeon be suficently veastive 
to maguetic vanaboos to epprcate chang am 
Geciination ané incimatica? Os what ground can 
st be supposed? Besides the fact that the differences 
fare slight and the magnetic eld weak, the smallest 
‘magnetised bar bang at Inst ten tines stronger, the 
pigeon in msensinve to very strong magnetic Geld * 


1 A orate ances, they are ao santbie ss be ead 
sal hgy toot ores aioe , 
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‘There is bardly need to add anything to these 
decisive arguments of Manraix. Let us mentum, 
‘uevertheless, the expeciment of Acy, who furnisbes 
cocimatiaa. Some pigeoos transported in a cate 
‘were subjected, in the course of the journey, to 
‘magnetic, dectric and calcrife mnfiuences in tach 
a way that they were unable to take cues from the 
analogous normal inSuences. Released in an uaknows 
zone, 10 Kilometres from the cote, these pigeora 
returned in twenty cainutes Without doubt they 
could have traversed aboot 2§ Inlometres in the 
same time, but they had noce the less found for the 
return cues quite other than magnetic ones 

‘The bypotheas of « magnetic vense seems, then, 
quite improbable. Where, moreover, could the 
corresponding srwory organ be setuated? In the 
semeienlar canals? Would thote of birds difer 
fn this respect from these of other Vertebrates? 
For not all of these latter onentate thenuselves under 
conditions comparable to those which are known 
for the pygeos. To assume this would be to make 
© gratuitous hypothens; as 1 would also be to 
attribute this “magnetic seose" to toctle nerve- 
eodangs. To Pert in the hypothesss of a magnetic 
fente is to tum the risk of stttifymg all research, 
Shall we find a solution in the thoory of retrace 
iment upheld by Reymand™? The theory consists 
{im supposing that the bird registers all the directions 
followed on the outward journey, even mm the cise 
of passive transport, and that it takes, on the return, 


ORIENTATION IN VERTEBRATES 111 


‘an exactly superposed path in the reverse direction. 
‘The bird would then possess a sense of “ atutades ” 
‘which would originate in the secoicircaler canals; 
‘the muscular sense would also intervene. 

[No fact really exets in support of this hypothesis, 
At the present tame, one us actually no longer able 
Qo attribute to the semu-cxcalar canals any pert 1 
otlentation. As Ewald and quite recently Koenig 4 
ave shown they contribute to syvilibratvon, 
‘specially an relation with mascular tonos. Farther- 
more, Watsoa points out mply that a pigeon 
‘transported m a basket and turned sn all drrections 
‘© great number of tunes, does mot perform these 
‘movements of rotation again one by one, when xt 
1s berated. This raductio af abvurdum 15 enficent 
1m tall 

Is it a quesbon, then, of a “special sense”, of 
‘© sort of mysterioes property whach would attach 
‘tho pigeon to its cote? Ths ay what numerous 
amateurs maintain. Fabre fornisher them an argue 
mect which eecke to be deciave: the Cercens 
orientates itself at a distance of 3 kulometren; the 





‘pigeon 18 1,000 times bigger—it ought then to 
oneatate itself at 3,000 kilometres... Apart from 
‘the fact thar the Cercens, without a doubt, makes 
use of visual cves, the rexsomng cares wath it its 
‘ow refutation.» 
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B.—Searory ones 
‘None of the theories advanced gives, then, the 
solation of the problem. The analysis of the incts 
‘must perforce be rerumed, sn the attempt io draw 
from ttm a concivsion, at Jeast 2 provisional ene. 
‘First of all, what is the carver pigeon ? 

By ceading diverse anformstion furnished by the 
pigeon fanciers, one sncceeds in forming for oneself 


tight ” impli for a bird « pomibihty of vimon hardly 
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imagined by man. Im reation with our, the vinsal 
scary of birds is in general incomparable: that 
of the pigeon ranks among the best. Wathout doubt 
there are marked dividual diffcences; but we 
rust vest samured that selection 1 flected amoog 
tammnale whose sgt us excelent. 

Given these two Gualities the pigeon undergoes 
rearng and training; it is habituated to travel 
Qntances and to find its nourishment in the couse 
of the journey, 

‘The rearing 16 carried out, as we know, in micoes- 
five stages Gs it parely mascular training? The 
dea cannot be elimunated that the pigeon at the 
same tune acquires Knowkedge of places, withoat 
oabt over a suBicintly lage ares. Its wght ranger 
around and the Images xt cogutere are those of & 
Tnndseape extending widely to right and to left, 
‘before and bebiod. 

‘The training fioshed, the pigeon regums sts cote 
from whatever spot xt way have been transported to, 
and even if st has never actively made the Journey 
‘The fact 1s cxrtam. ‘The conditions of such returns 
must now be made clear They are efiected better 
and more regulary the shorter the distance, Aovord- 
tng to Dusolier, who sans up a mem of data, 
pigeors taken to 2 ditance af 1,200 ielometres retura 
‘with great delay, a number of them not retorning 
at oll; the same happens each time the pigeon i 
taken beyond Boo to 7.000 kilometes: the optsmum 
stance would appear not to pas goo Ilometros, 
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Various conditions hinder the return. Notably 
he pigeons lose themselves m time of mow, and one 
can, with Guibert, attnbute this reslt to the change 
‘mdecgone by the landscape, Mast produces the 
same result. Accanding to de Roo and other pigeon 
fanclers this result would depend an an electric 
disturbance. Eectne canductinty does, of course, 
diminish in fog; but the unterpretation neverthe- 
Jess does not seem exact, ance the mist bas efiect 
‘nly in v0 far as st obvcures the landeape, Thos, 
‘Pgeos released nt tea, ts a fog, nse above it; af the 
ist 19 lied to the son and they tan perceive the 
nnd, they onentate themseives. In these conditions, 
the part played by visual caes seems scarcely to be 
upntable. Schneider" furthermore reeogzizes that 
‘these cues are groups of houses, hls, scxall woods, 
te, that w to say, not details, bat groups of objects 
‘vinble from a grest distance. 

However, a grave objection cemans, releaund 
im an tinknown 2008, the pigeous fd thelr way to 
the cote. There are even cited troly remarkable 
facts of this order. Dascher*, for example, reporta 
the following: two pigeoos raned at Paris asd kept 
‘without training till the age of three and a tall 
years, were taken to Périgord. There they were 
shot up for a month Liberated at this time, they 
Doth regumed Pass to less than two days, This is 
precise fact ; but it does not, by itself, authorize 
any concusion, A very strict analysis of this 
and of analogoss facts, remuns neccamry. We 
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‘pstecs some data enabling us to proceed woth this. 
The question poses atslf in the following way. 
[Will all the pigeocs relessed 1m an unkzown region 
returo, acd m what tine will they do m0? An 
exptriment on a large scale muds in 1895 farnubea 
information eo this subject. 5,000 pigeont were 
released at sea, at dutances 248, 200, 300 and S00 
‘lometres west of Croisc The spaed of the return 
duminubed with the distance, it was from 75 to 
58 Joloretzes am host for 200 kilometres, 60 for 300, 
and barely 40 for S00. The altitode of the fight 
increased with the dutance from Jand; it was 
saficiently greet, when the liberation was elected 
at 00 ialooetzas, foe the pageont to be inviable to 
the naked eye As foe the summbee of returns, this 
iminutbed with the distance. Out of 1.500 pigeons 
eleased at $00 kilometres, joo retumed at the end 
of forty-eight hours; the other were found scattered 
overywbere, in England, Spain, Portogul, Algeria, 
at Cope Verde, in Egypt. and in the Caucasao In 
‘hort, reture to the post of departure became a 
matter of chasce. 

‘Another experiment, aMhough of much smaller 
extent, ig no lest egniGcant ; & pigeons, yorant of 
the way, were teansperted from Antwerp to London. 
Released at 6 o'clock m the morsig, in fine weather, 
‘they fumed about for a Jong time, azd thea flew 
‘fl and bad retumed to Antwerp by seven In the 
covening, having taken thirteen hours to accomplish 
1 journey normally requiring barely three. 
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The following experiment. duc to Thawte", is 
sso strongly suggestive. Taere were transported 
to Genera 24 pigeoes, stationed et Vernal, 38 
Pigeons etationed at Gott, end 8 pagsans etatiqned 
ft Gannat. All had undergone traming ina very 
iferent direction {rom that of the journey they had 
‘to accomplish. Here are the results: 

‘The 24 pxgeons from Vermalles were Liberated at 
7.10 a.m. on the 6th of Amgust : 2 returned the same 
day at 5.46 pum ; 9 retumed on the 7th of August 
between 620 am and 615 pm.; al she rest re- 
‘tummed of the 40th of August. 

‘Of the 38 pigeons from Guéret “about two- 
thirds” returned the same day between 1215 and 
4120 p.m, and the ret the next day 

Finally, of the 8 pugoons from Gannat, none returned 
fon the day of Uberatig. 3 returned on the gth at 
fg am, 722 em, and 1250 pm; the others 
returned on the 8th ut 7.97 Am , on the oth at 3 p.m, 
‘on the x1th at 4 psm., and on the z2th at 10 a.m. 
‘the eighth dd not return. Such resats are sufScently 
Sloqnont, Adsittedly the oounter-experiment, which 
Would comast io taking all the pigeons tack to 
Geneva and releasing them a second time,» lackang, 
Nevertheless, this slowness af return hardly imple a 
‘very sre sense of onentatie, and one conceives rather 
of birds wandering at basard and finaly encountering 
some landmark whuch puts them oc the way.? 

Tacs eagtnee the adic of 0 yun By rete 


of che soutaan of te land bot Cae Siena onc Py 
Beny 
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To these experiments shoukl be aided that of 
Watson and Lashley with the tomas Transported 
655 rales from theit nest, these birds had returned 
at tha ead of from sax to aleven day, in the 
propoction of three out of ten. At a laser dis- 
tance val memory meme 20 play & popndicant 
To sum up, the fact seems general. “Good” 
pigeons, wel-trumed, and celased i an unkown 
regen, when they return never do sa wathin # normal 
fume, and those which do return ace those which 
Ihave down about the most, bavisg thus multiplied 
‘the chances of encountering cues. 

‘These chances, of course, mans with the dstance, 
Us, for instance, there are berated, 400 halometres 
cut at wee, pgsons trazmed oo the Ime Bordewux- 
andes, the straight les trom tbe pont of ralease 
‘to the two termin: delimit as angle of about 45°, 
‘which represents ax eighth of the circumference 
(of a circle) traced around the point of departure 
taken as a centre. Every pigeon tas therelore one 
chance n eight of being in a kzown area, The more 
stant the pont of release, the smaller becomes 
the angle and the more the chances dumunish ; they 
are augmented is the contrary case. 

‘There remains, however, ont last objection, that 
of nocturnal fights. Once the sun has sunk, the 
pigeon does not fly spontaneously ; nevertheless, 
‘by means of spec) traimng one can sccceed i 
making it wavel by night Bat the observers are 
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fn oo accord as to the conditions favournble to 
these Joumeys, Sone ate of the opinion that @ 
lear night is better than a dark ane; otbers ponts~ 
late exactly the contrary. The latter explana, 
‘with Thats, that the moonlight modifies the 
landscape, and thos confuses the pigeon. Is this 
ot, wt the mcs tine, to bring ic visual cuer? 
These cuss, moreover, are not Tackmng; even on 
a dark night, reads, rivers, stretches of water 
and vanous features of the land are perfectly 
pereeptible, 

Nocturnal journeys, it may be added, hardly 
‘achieve & tillant success. The flight 1s hesitating, 
and always quite slow, its speed varying between 
460 nnd 600 metres per minote. Soroetunes the remit 
{is quite poor, wach as the following, reported by 
Thausits: 225 pegeans were released on «. dark night 
at 6 pc, one of them returned at 8.15 pm, three 
‘others darmg the night, and tbe mayonty the next 
‘aorning at 9 o'clock. 
‘Fundamentally, the objection from nocturnal Sights 
ove nat exclode the ypotbesis of vivual cues, ax 
hypothesis soyported by the mass of accumulated 
data; the utilisation of these cues seems undeniable 
‘They are doubtless not the anly ones, azd one must 
think notably of imesthens. A pigeon trained for 
certain distance registers very probably the fort 
‘accomplished ; it suffices that an incident dimumsh 
‘this effort for the bird to pam beyond the goal. This 
ix what i produced when tbe pigeon fies with the 
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‘wind ; it goes beyond the cote and must then retrace 
14 oourse.* 





-VABIOUS VERTEBRATES 


‘Bendes the pigeons a number of other Vertebrates 
—birds or mammals—regain the sbelter which they 
have left Apparently they make use of secsory cues, 
notably visual ones, 

‘Numerous "facts" would nevertheless tend to 
cause the adraaion, a8 for the pigeons of the existence 
of m spectal sense, an absolute tease of direction. 
ut st 35 necesaary to be on guard against accepting 
these “facts without serious control. Here are 
‘two cases in pomt. Yung learned that « young cat 
‘rnnsperted to a conaderubie distance (0 kilometres), 
was aud to have regained rapidly ts pount of departure 
‘The case was (oo remarkable not to be checked After 
anguay, it bad to be recogrssed that the cxt had not 
Jeft its new docmeile ; a coatasioa had somply angen. 
between two more or Jess slay cats 

‘The second example, shows equally, but an another 
vaay, how easly observers overlook an inpertant 
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streets. He nevertheless returned late et night, 
Now, adds the euthor, thas dog knew only the country 
faronnd the house, within a radsas of 6 Lélometres, 
But he forgets at the least the 12 Kilometres made 
‘en foot ; he forgets the wandings and turing made 
m the town, leading back perforce to the station, the 
landmark and pout of depasture 

‘Thus frequently the fact reported is scompletely 
observed ; account 1s taken sdlely of the incdents 
capable of leading the acimal astray, theae arc 
inasted on, without any attempt to evaluate the 
‘madents capable of aiding st to return towards it» 
home 

‘This 1s certamly also the case for a large number 
of analogous facts Many are '"hustoncal, which 
amzousts to saying "Iegendary"; one divmes only 
‘too well their insufficiency. On the other haod, well- 
observed facts bring out for the mammals the utiliza 
tion of visual eves. Clapartde® cites the casa of & 
young cat, ten months old, losing steelf 350 metres 
from ts home , yeti acer that Ube menue of direction 
should play a special part at so abort a distance, 
‘Houzeau “* reports a personal expenence. Exploring 
an unknown region on hormeback, he covered ten 
Yelemetres, making numerous turm and detours 
Funally he lost his way. The sky was overcast, and 
Ihe bad co compass. Usable fo find bis way, he 
abandoced himself to his bore. The latter picked 
‘up the outward track, and returned to the paint of 
eparture. The evidence ipoecs itself thet the Borse 
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amust have mgistered visual exes; and the possiblity 
of registering them with such abundance and pre- 
cision implies a remarzable meoxy. 

This crample canfirms variows accousts of the 
aise order, Tt permits the doebting, not of the good 
faith, bat of the powers of obsarvation of writers 
‘who speak of horses retursing tothe stabi by fallow 
{ng roads entirely distinct {rom the outward tack. 
‘The actual fact is very posable, but shor of « oxr- 
‘twin number of accessory carcumstances, it loves 
all value, 

{tas the sane for the ¢og, Houseat analyoes cme 
the behaviour of young dogs (four to ax months ed) 
intentionally tumed astray iz the course of thetr 
fiat outiog. Furst of all the sense of smnell comes 
nto play ; the dogs sat the trai, acd Uf this olfactory 
un doen nat suftee, they retrace by sight the oxt- 
ward path, passing clearly from one ove to another 
However, im fat country, when the semukaneous 
sight of vevera) landizarks a posable, they often 
follow the shortest path Among other examples, 
‘the author cites that of a dag of five months, which 
fad been led to a distance, after having been made 
‘to croms 2 civer over a tree-trunk Fearing the water, 
the animal op return tan hither and thither until, 
after « long time, st Snuhed by refinding the im- 
provised. bridge 

Quite menntly, Richardsoa has corspletly son 
‘armed these conchsions in regard to orientation in 
the og. 
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en sho boise oo diflcently. Accompanied hy 
2 young Indian of ton years, Bateo™ was lost in t 
ores. ‘The child retrace the path by which they 
came, having unconicionaly coted «series of land 
imarks which Bates bimelf had oot remarked. In 
‘is tare von dea Steen cites the cae of a native 
of Brazil who remembered all the pectiantien of 
the course of rive. He recognized each bead, 
Indlating ita rulatrvemtsatio, and noted the poston 
of certain trees. He registered thas 2 senes of caer, 
without appareat importance considered separately, 
Dut forming » whole This sume man was incapable 
‘of counting beyond two or three, or of constructing 
s lopcal argument. 


CHAPTER VI 
GENERAL SOUARY 


'F we aow east a general glance over the actually 
mown facts, and if we try to ducover the bond 
“wich unites them, we aball be immediately struck by 
the analogy whuck allies all animals, The facts based. 
‘upon well-anducted experiments or obnervations 
‘constantly reduce the phecomen of orientation and 
fof place-recognition to processes of sensory miecory, 
bringing rato play the organs of the ordinary oenses 
there are observations the interpretation of 
“which appears delicate, each ax the homing of pxgeoms 
‘Wberuted in an unknown region, none of them presents 
suelf mm a susSciently mgorous manner to set aside 
‘the dea of pare sensory memory. And even ood 
paring the diferent animals with one another, the 
‘amilanty is vach that we feel led to accept for the 
‘ones the conclusions that the facta impose for the 
‘others Wasps Liberated im an unknown zone tum 
about for a ag time above the point of release ; 
nothing etiracts thee 1s one dbrection or nother ; 
they wander at hazard, undergoing various can- 
tingenctes, and yame are defnstely Jost, whale others 
encounter some cue thanks to which they agum fod 
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the nest. Pigeons behave in the sume way; almost 
44s soon a5 Ubezated they fur this way and thet, 
then set off in one direction or another, the number 
of those losing the way being increased with the 
shstance, tbat isto say, at tbe same time as the chances 
of reeting « landmark are diminished, Of coon 
there are fortunate cases, which are moceover ex 
ceptlonal; but they datract nothing from the value 
of ths rmemblance Between diverse organiems. How 
ever separated they may be, fram various points of 
‘view, their nervous syntems possess general common 
properbes, of which the importance cannot be over- 
Tooled 


‘As for the cues, the study of the Invertebrates, und. 
enpecally of the insects, shows that some or others 
‘peedommnate, or pas to the vecond rack, according 
to the ammals end according to the circumstances 
for the same anmaal Ants make use of olfactory 
‘cuea when moving abroad in a column, but when 
the trail gives oat, luminous cues hitherto accessory 
‘acquire primary importance. The limpet makes 
‘use expenally of tactile cues, whilst fying Hymenoptera 
‘use bardiy anything but visual cues until the moment 
of arrival at the nest itis. Tn fect, all the sense- 
organs take part emaltancoully or successively mm 
‘the phenomenon. All register varied images, and 
‘thacp images ara assocated with one another, forming 
‘2 complex in the nervous system of the animal. 

‘None of these images appeer: to remam isolated. 
Every ane of them 1s @ guide enly in ao far ag it 
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sstociated with the others, or forms an integral part 
cof the complex. It is thus that the mest itself, it 
‘would seem, existe for the animal only as a function 
cof the complete whole. And it matters lide, from 
‘ths point of view, whether or 20 the images which 
represent it are of the sarme nature es those which 
sive the general direction, and allow the recognition 
cof 2 certain site, The narration of the facts does, 
deed, lead us to speak as xf the cote were for the 
‘Pigeon an independent and olated lanémack ; ditier~ 
ent observers are astonished that the bird although 
able to pervelve tt at the point of hberatuna, bebaves 5 
an animal which has lost the way, and does not head 
duvetly for the cote, Thu signifies precisely that the 
cate belongs to the complex and hav reality for the 
pigeon, asin the case of the nest for the Hymenopteron, 
nly a8 connected with the whole. Al! takes plios 
as Mf the image of the cote corresponded to a topo 
[graphical relation, of whch all the cues gieng the 
‘genera) direction and the te form a part. The pigeon. 
which goes out for the first time has not been able 
to register thate relations of the cote with the an- 
‘vuronment , the elaboration of the complex 1s effected. 
with vanable rapedity in the coarse of socremive 
‘oatings. And the procaees ses very analogous 
1m the cate of the Hymenoptera ; the nest or the hive, 
when moved backwards, is not immediately recognized. 
‘Tho insects go straight to the site, which represents 
for them part of a whole, a part which ie jut as 
auch « relatwou of dustance as an actual object. 
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Inthis complex, weatever it may be, etablisbed in 
Tid and pecfectly imeducibie manner? Does 4 evoke 
Band B evoke C, in sock 3 way that the animal must 
‘re pass all the points of « track it has once traversed ? 
The facts prove that this as sot the case. The con- 
octian between the cues tas, on the other hand, 
quite a Sexibihty, it beare only on the order of 
sequence, without necemarily implying an ioumediate 
‘succession. For the anumal to go towards C, at sufBces 
for € to follow A, even B has disappeared Better 
stil, cxcumstances, or sanply babit, ota lead the 
‘animal to mppress immedunte connections and to 
Apty the complexes Everything occurs as though 
the image of A evoked several succesuive umeges, and 
as though the interposed images merged progresevaly, 
‘and finally disappeared im such a way that © or D, 
or any other, came mmediately us the trim of A 
Tn open country, lor example, the dog takes the 
straight tine between two widely veparated cues; 
bees, wasps and ants proceed i the sazpe Way... 
In short, the elaboration of te camplex of images 
fn toch that the acst site becomes connected, sot 12 
fn igolated manner with one or another of the parts 
‘of the complex, but with every ane of ther, that 1s 
10 say, with the conplex in its entety. 

‘Thus v6 constitated the “ bee line or te “crow 
taght ", which becomes situnstely more or less 
fopesthenc, For vive}, olfactory, or otber umsges 
‘here ix substituted the memory of a certaxz muscular 
ior, wisck the enunal zccomplishes mm known 
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terrtery, without the constant id of extenar cues 

Te sum, memory plays a very icpoctant and pro- 
‘ably a preponderant lin the process of onentation 
‘Whether ove envisages wollase, an ussect, » mazamal, 
for tan hinself, ome ceally perosves no caseatial 
uflerence among thes 1s this respect Whether it 
‘wiahea or not, the anima) Is directly Inftoenced by 
the outulde word, st regiatecs the amager of tut- 
rounding objects, and those images assume fot it 
‘various relations The remtration and elaboration 
are effected with sarpruing rapdity A singe journey 
sufices for an Indias, as for a home or any other 
tmmal, to retain the memory of the path traversed 
Jn ths respect, « trty striang difference 1 reraked 
Detween educated man, inclmed to the vanous pre- 
‘cecupatians occasioned by contemporary ciation, 
and uncvibzed man, whose every effort deat on 
reaping beoefit from nature by the least complicated 
ovant The latter ives mote outside himeel!; nothing 
‘icapes tum of external phenament, and, relatively 
Inte dhtracted, he conscously or ot observes every: 
thmg, reguterng it and elaborating multple images 

To be sure, sn this process of registmton tnd 
claboration, a the antes latervene in vanous degrees, 
‘but nothing author:zea the assumption that to the 
ordinary scaass are added others io rote immediate 
relation wath this process. If we proceed to anatomical 
and physiological analyass of « pigeon, for exarple, 
wwe aro easily convinced that sight dominates its 
behamour whan it erientates self. In its cage vision 


iS HOW ANIMALS FIND THEIR WAY ABOUT 
is very specially acute; it embraces a vary extended 
eld, and cara faz On the other band, its auditory 
accity ditlers litle from that of man: the sense of 
‘smell is exercised teebly end to « sbort distance; 
tm addtie, the tactile amrveendings, whatever their 
sxact function cony be are hardly wobyect {0 the 
inftoence of stimuli placed at a very great datance 
‘As for the sems-cavular canals, they contibate 10 
the maintenance of muscular tones, and though 
thar stimalation 1 able to affect equikbration, and 
tims modify mator actinty, they exercise 20 dct 
action on the pasibilty of retars towards the cots. 
‘Aa for a "special sense, we sea hardly any sign of 
this; at least we are unable to perceive its anatomical 
‘bass, and this fact suffices in itself 

Tt is thus for all the animals, Whether one pro- 
ceeds by direct experimental analysis, or by elimina. 
‘thon, one is constantly led to curs registered by the 
ardsary verue-organs, wath this simple reserve, that 
he homologons crgens do Sot predaminste equally 
small came 

Hiaving arrived at this eancanon, shall we be able 
to go further and consider the question entirely 
soled? 

‘The problem i certainly not exhausted Many 
points remain obscure, which demand « fresh efirt 
‘at analysis by means of a particularly sigorous method 
of research. The essential thing is to put aside al} 
preconceived idees, and to affirm nothing which does 
not rest od @ positive proof, Doubles many facts 
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of singular aspect appear inexplicable by customary 
methods, and in the preseat state of our knowledge. 
The pigeon which cross hundreds of kilometres 
of unknowa eoantry, and returns to the cote, gives 
vw lively arpmse; and we willingly sen a certain 
mystery cast abost if, In our estonutment we 
{orget all the cases in which m analogous circumstances 
2 pigeon has ot reappeared We retain certain 
facta to the exclusion of others, without asking ou 
salves whether the exceptional cases radically oppose 
All the ret, or whether they are only particular instances 
of a general phecomexon. 

In renoanenng all hasty interpretation and every 
‘unfounded hypothesis we Jeave the Seld free for 
research, and preserve the posstty of azriving at 
1 solution. 
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